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SUMMARY
The more widely used classification/coding systems for building 
elements and components, such as CI /SfB and UDC, were developed 
to classify documents. A classification/coding system for use 
with computer aided design has to be able to convey detailed 
information about the features and properties of components.
Previous studies of the use of information in the construction industry, 
in particular the CACCI Reports, have examined the logical structure 
of design operations and how this influences the structure of a 
corresponding information system. This Thesis examines also the 
traditional roles of the participants in the design team and demonstrates 
that these roles modify the ideal structure.
A number of existing classification systems are analysed to provide, 
with an analysis of the theory of classification, the desirable features 
of a practical classification system.
The CACCI Report proposed the development of a national commodity 
file . In the Section on an outline of a possible classification system 
it is argued that the function of a national commodity file could be 
replaced by a three-level classification/code with responsibility for 
information being divided between manufacturer, trade sector 
organisation and the design team, responsibility for information rests 
with the participant-most-concerned.
Examples are provided of an individual participant's use of the 
proposed system and how the system would be used by several 
participants.
In the absence of a national system, it is suggested that the proposed 
system would allow teams of designers to proceed with the development 
of a data base for computer aided design.
VI
SECTION ONE : INTRODUCTION
1. 1 THE AREA OF STUDY
A major study of information flow in the construction industry was 
set up in 1966 by the British Minister of Public Building and Works. 
The study was supported by the major professional and contracting 
organisations and was divided into a number of detailed investigations. 
Fig 1.1 (1) shows the structure chart of CACCI, (the Committee for 
the Application of Computers in the Construction Industry) and the 
major Reports published by the main and sub-committees.
Based on a report by the Sub-Committee on Coding and Data Co- 
ordination, which was submitted in 1968, the Minister asked the 
National Consultative Council to form a Working Party on Data Co- 
ordination which commissioned a number of studies and issued a 
final report in 1971. In the same year the Government withdrew
its support from CACCI and the impetus and co-ordination of the study
(2) (3) has been lost, although some work is continuing . During their
brief lives the various Working Parties made detailed studies of the 
communication of information within the design/construct team and 
published their findings in a number of reports. These reports, 
which form the main source material for the section on the survey of 
the use of information, have been noted on the structure chart.
The CACCI study was stopped before there was an opportunity to 
modify the proposals to incorporate comments from practitioners. 
There had been only a limited feed back on the Teams' analyses of the 
use of information.
Included in the CACCI Report was an illustration of a code structure 
for the construction industry. This part of the Report is reviewed, 
with other systems in Section 5.
During the period of the study and preparation of the CACCI Report
(1.1)
there had been a parallel study by the British Standards Institution 
of a national classification and coding system but the two 
studies had not been co-ordinated.
Comments received from the industry on the Draft BS Proposed 
Standard showed strong opposition to the Standard and led to a 
decision to withdraw the proposals and stop development.
Also during the same period as these studies, the Author was 
responsible, as a Partner in a firm of Consulting Engineers, for 
the development of computer aided design and documentation for 
environmental engineering systems. Programs were developed for 
heating and cooling load calculation, pipe and duct system sizing and 
material scheduling, costing and specification. The development of 
computer aided design for environmental engineering systems was 
defined and controlled by an overall flow diagram, 1. 1 (2). Early 
in the development it was realized that the logical link between 
programs for system design and documentation is a coded component 
identification, description and classification which is capable of 
presenting the particular information required by a routine in a 
specific program. The development of programs is now reaching the 
stage where operations can be carried out in sequence and the need 
for a classification system has become more obvious and urgent.
As part of the development of a suitable classification and coding system 
the Author has studied in particular the CACCI and BSI proposals to see 
if the principles of these general systems can be incorporated into a 
system designed around the needs of one participant, when that 
participant is not the originator of the basic information about the 
building form.
The concentration of this study on the use of information in costing and 
design, both limits and extends the study. Previous studies have attempted
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(1.1)
to encompass manufacturing, retailing and construction as well as 
design and costing but have not studied in great detail the needs of 
any one information user. A useful division is provided by the 
'factory gate 1 /'site gate' concept put forward by Karlen ' and shown 
below.
Factory Site 
Gate Gate
Manufacture r
Specifier/ 
Supplier Installer
The area of study is approached from two directions: the informal use 
of information as demonstrated by present practice, and the rigidly 
structured information framework derived from a logical classification 
system. A practical information system must achieve a combination 
of, or compromise between, these approaches.
Another practical consideration is the self-interest of the partici- 
pants. If a system is to be used by more than one participant there 
will be almost certainly a conflict over the priority to be given to 
various features. An unacceptable compromise is reached when the 
efficiency of the system for any one participant is significantly less 
than that of an alternative system.
It will be shown that the best solution is to give the maximum control 
over the data required at each stage of design to the participant most 
involved in using it, even if this requires some duplication of data 
storage. A consequence of this decision is that the data files must 
be capable of division into small sections without impairing the 
operation of the system as a whole.
After identifying the essential features of an information system, the
(1.1)
study examines a number of existing systems against these criteria 
before proposing an improved structure. This proposal is illustrated 
by practical examples.
1. 2 THE GENERAL BACKGROUND
The ability to rationalise classification and coding is unique to mankind 
and is highly developed from an early age. It is expressed in langu- 
age, in which a name is a code. A child first names its parents and 
then, with developing knowledge, is able to classify them as belong- 
ing to its family. The ability of other animals to classify and code 
objects which they can identify is limited.
Because it is such a commonplace and necessary activity most people 
fail to realise that they have come to terms with the world of real 
existence and abstract concept by a continual process of classification 
and coding. That classification and coding are intimately linked is 
evidenced by the confusion in communication caused when two persons 
speak different languages, even though each is capable of accurately 
identifying and defining an object. In the activity of building man has 
long known the necessity for clear communication by an agreed coding 
of classified objects. The Biblical story of the building of the Tower 
of Babel records the realisation of the confusion caused by a breakdown 
in the system of coding.
There were few problems in building even the great expressions of 
mans spirit such as the medieval cathedrals. Despite their size and 
beauty these buildings were constructed of relatively few materials 
which were shaped on site and over a long period of time. It was 
possible for one Master-builder to control both the design of the whole 
and the detail of the parts.
The dramatic change in building technique occurred during the second 
half of the nineteenth Century with the progressive introduction of 
structural, mechanical and electrical systems and the growth of
(1.2)
specialist, off-site, manufacturers of building components. With this 
dispersion of the centres of manufacturing there was an inevitable 
diffusion of information about the building and its components, from 
the Master Builder on site to the design offices of the Architects, 
Engineers and manufacturers.
In a recent British study of the possible use of national commodity 
files it was estimated that:
"The number of manufacturers supplying the 
construction industry is between 10, 000 and 
14, 000 and information on 360, 000 products 
would need to be held on the files. "
Not only has there been this increase in the number of components used 
in building but there has been also a corresponding increase in the 
information required about the components. The change, from a slowly 
evolving building design in which the performance of a component was 
known by experience, to a rapid evolution in design has meant that the 
performance of the assembled components in the finished building has 
to be predicted now by calculation based on the experimentally established 
properties of the components.
The growth in knowledge about the building process has outstripped the 
ability of individual designers to command it, with the result that aspects 
of building design and construction have become the specialised knowledge 
of members of a design team.
No longer can one individual expect to understand the whole process of 
building, and the command of the Master Builder has had to be 
replaced by communication within a team. Consequently there arises the 
possibility of confusion unless the team establishes, or adopts, a 
common language for communicating information about the parts and 
processes of building. That buildings are being designed by teams using 
plain language shows that this ancient communication system can still be 
effective. But the increase in interest in alternative systems to convey
(1.2)
information indicates the awareness of a need for a faster and more 
accurate system.
1. 3 THE INTERNATIONAL BACKGROUND
The task of rebuilding the cities of Europe during the late 1940's and 
the next decade, emphasised the need for an international system for 
the exchange of information about building design methods and 
components. National building documentation committees had been 
formed in most of the 'western' European countries: the United 
Kingdom, France, Italy, the Netherlands, Belgium, Portugal, Norway, 
Denmark and Sweden. In 1950 an International Council for Building 
Documentation (CIDB, now CIB) was established. A Classification 
Committee (IBCC) was set up in 1952, jointly with the International 
Federation for Documentation (FID), which studied the currently 
available classification systems . The Committee included experts 
from non-European countries but the influence of IBCC has not extended 
correspondingly.
Atfirst the proposal for building component classification was based
on the use of UDC by the British Ministry of Works as amended to allow
for continual practice. This was soon supplemented by and eventually
/Q\
supplanted by the Scandinavian SfB System which was the product of 
the Swedish Samarbetskommitten for Byggnadsfragor (Co-ordinating 
Committee for the Building Industry).
The Scandinavian countries continued to develop standard documentation, 
such as the Swedish National Standard Specification for Building Works
and the Danish CBC system which was arranged to allow computer
(9) 
processing of building documentation . These advances were easily
communicated to other European countries through CIB/IBCC and use of 
SfB spread rapidly. This system is described in detail in a later Section.
Whilst the construction industry in Europe was collaborating through CIB/ 
IBCC to produce an international standard system, there was a corresp-
(1.3)
ending collaborative development between the USA and Canada to 
produce in 1970 the Uniform Construction Index , see Section 5. 3, 
Isolated trade and academic organisations also studied 
practical or theoretical aspects of the use of information.
The American Engineers Joint Council, in association with others
(14) have produced the Thesaurus of Engineering and Scientific Terms ,
which is a co-ordinate indexing system, but the subject matter is at 
the periphery of interest to the construction industry.
A major development, backed by Government funding of nearly $2m was 
started in 1973 by the Canadian Construction Information Corporation 
with the intention of producing a financially self-sustaining information 
system for the construction industry within two years. A study of the 
needs of the industry was made and published in two parts .It 
demonstrated a potential financial saving resulting from a reduction 
in search time for commodity information. The study team under 
estimated, however, the task of processing manufacturers1 data into 
a standard format and little progress was made. After an expenditure 
of a budget of nearly $2m, and with few users for the undeveloped 
system, Government funding and the development ceased in mid 1975.
1. 4 THE NATIONAL BACKGROUND
As the source of the Industrial Revolution, Great Britain led the 
advance into new building techniques and management structures. Most 
of the present disciplines of design; Architecture, Civil and Structural 
Engineering, Heating and Air Conditioning, were established by 
the founding of their professional institutions during the early nine- 
teenth Century. These divisions of the design team, however useful 
in assisting the transfer of information within each profession, have 
created barriers to the transfer of information between professions.
(1.4)
The separated education and training and the grouping into single - 
profession design offices form and continue an inward-looking 
attitude. Equally the suppliers of components, who look to one 
profession for orders, tend to be unaware of the needs for information 
of the other professions.
Early attempts to rationalise the flow of information were made by 
organisations which served only part of the design team, in particular 
architecture. Their usefulness to other members of the design team 
was in consequence limited.
The British Government, through central and local government, 
is the largest employer of professional design staff and in 1966 
the, then, Ministry of Public Building and Works set up the CACCI 
study which was outlined in Section 1. 1 and whose work is described 
in more detail in later sections. During the same period consortia 
of local authorities were formed to develop systems-building 
for schools and similar low-rise buildings. As part of the develop- 
ment of standard solutions components were classified and coded for 
use in design and contract documentation. SEAC (South Eastern 
Architects Collaboration) was a combination of a number of local 
authorities and the Ministry. In collaboration with manufacturers 
SEAC produced a computer program for scheduling components at the 
design stage in such a way that the information could be used directly
by the manufacturer in producing the components, as described in a
(17) paper by Hale
The SCOLA (Second Consortium of Local Authorities) system was 
developed further by West Sussex County Council and is described in 
Section 5. 7. The CLASP (Consortium of Local Authorities Special 
Programme) system was also based on a facetted classification 
structure.
8
(1.4)
Until recent years the use by manufacturers of bound volumes 
to illustrate their products demonstrates the relative stability of an 
industry in which a design might have a market-life of two or three 
decades, 1.4 (1). It was natural for the manufacturer to reference 
a product as "Figure Number. ..." as would be a diagram in a 
technical book.
With the rapid increase in the number of products and the decrease 
in their market-life, volumes of illustrations were replaced by 
single sheets which needed non-sequential references to maintain 
their order in a file. It was to meet this need that UDC was developed 
and then relegated to a secondary role to SfB.
The receiver and user of trade literature also needed a structure
for filing documents so that information about like items could be gathered
together. Later sections describe how these document classification
systems have been developed to handle information at various stages
in the design/construct process.
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SECTION TWO: THE USE OF INFORMATION BY
THE DESIGN / CONSTRUCT TEAM
2. 1 GENERAL
There are two approaches to the specification of a system for classific- 
ation and coding of components. One is to study the use which the 
design/construct team makes of information and to model a system 
around established practice. The other approach is to define a 
logical structure of classification and to impose this structure on to 
practice.
Within long established practice there are likely to be traditional, 
even illogical, ways of working and any practical information system
should recognise the strength of tradition. Computer aided systems 
however are confined within the logicality of computer sequences and
it is difficult to cater for frequent exceptions to general procedures.
In this Section of the Thesis there follows a Survey, Study and Analysis 
of the present use of information. Some of the material is taken from 
the CACCI Report but relates to non-computer aided practice. The 
Survey and Study are neither critical nor analytical but accept present 
practice as it reveals itself. There is a separate Analysis of both 
practice and of previous attempts to define it.
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2.2 INFORMATION IN THE DESIGN PROCESS
A design for a building proceeds through stages of increasing detail 
and complexity. Each stage has input of information, which is 
processed and output to later stages. Attempts to model the flow of
information are described in Section 2. 6. 1 but the generally accepted
(19) 
statement is given in the RIBA Plan of Work v . Figure 2. 2. (1)
shows these stages and the type of input and output data for each 
stage.
In terms of the parts of a building, the unit of the building is the 
component:- bricks are designed as wall panels, pipes and fittings 
are assembled into engineering systems, light fittings and ceiling 
tiles into ceiling systems. In this process, the designer uses only 
information about components and not the components themselves.
As information about components is fed into the design process some 
of it is used to size or shape other components or assemblies. The 
designer has little control over the form of the information he 
receives but is able to control the form of information output. Input 
information comes from other participants in the design and from 
external sources such as national standards and regulations, or 
manufacturers literature. Information is output to other participants 
in the form of drawings, specifications and bills of quantities.
Although data about components form a vital link between design input and 
output there is often no direct communication link between the component 
manufacturer and the designer. Indeed the provision of information, 
vital to the designer and user, may be an unrewarding overhead for the 
manufacturer.
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Previous stages.
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Feasibility
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Cost plan 
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Final cost plan 
and Room 
Schedules.
Tender 
documents. 
Bills of 
Quantities
2. 2. (1) RIBA Plan of Work Stages and Information 
Input and Output
(2.2)
The demands for information about a component by the participants 
in the design team will vary depending on their speciality but the 
common factor is the real object which will become a component of 
the building.
Taking the example of a simple component, such as a brick, the 
Architect will wish to know its dimensions and surface appearance, 
('common 1 or 'facing 1 brick). The Structural Engineer will also be 
interested in the dimensions of the brick panel but its weight and load- 
bearing capacity will be of greater interest than its appearance. 
The Quantity Surveyor will be interested in the surface appearance 
as a guide to the cost of the brick. The Environmental Engineer, 
calculating the 'U-value' of a wall, will be interested only in the brick- 
in-place as part of a composite wall panel. Even on so superficial 
an appraisal it is evident that the name 'brick' is insufficient to 
communicate the information needed by the design team and that the 
name must be enlarged or modified to convey this additional information. 
This has been done, traditionally, by adding adjectives to the name, 
or by giving a manufacturer's reference to gain access to other 
sources of information.
2. 2. 1 Drawings
A dimensional and component layout description of the building is the 
starting point for many building engineering design routines, for 
example structural dead load and wind loading, daylighting, natural 
ventilation, heat loss and gain. The building dimensions also determine 
the length of runs of engineering systems which use pipes or ducts 
and the location in which fittings such as bends must be used. Because 
the routines are separated by time and by the disciplines of the 
participants it is usual for the same dimensions to be measured many 
times during the total design task and even during a particular design 
routine. Information about dimensional and physical properties is
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communicated between participants by means of drawings and 
specifications. The former are two-dimensional representations, 
usually in plan and elevation/section,of a three dimensional 
structure and include many conventions to avoid the exact detailed 
portrayal of the building features. To fully describe the construction 
of a building, a series of drawings must be prepared showing an 
increasing detail of smaller parts of the building, passing from the 
general layout to assembly and component detail drawings.
2. 2. 2 The Specification/Description
Whilst it would be possible to write all the information about components 
on the drawing, the result would be confusing. It is more convenient 
to convey certain information in the form of a written Specification 
or as an item description in a Bill of Quantities.
For many years each design and measuring office had its own collection 
of specifications and description clauses, and presented them in 
different ways.
A component may be specified either by unique naming, by trade 
name or reference, or by specification of its properties and performance, 
There may be a combination of these methods by the use of a brief 
specification of properties coupled with a statement equating the 
component to a specific manufacturer's product.
One of the reasons for not always specifying by uniquely naming a 
component is the desire or obligation to allow several manufacturers 
to compete for its supply. This is not possible when the manufacturer 
is named or when the specification is written so that only one product 
meets it - for example by the inclusion of some minor and irrelevant 
feature.
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Recently there have been attempts by Governmental Departments 
to standardize their Specifications .In 1967 the National 
Economic and Development Committee sponsored the development of
a proposal by the Laing Committee that there should be a National
(21} 
Building Specification (NBS) v
The NBS Format separates the clauses for 'workmanship 1 and 
'materials' and uses CI/SfB for indexing the work sections and the 
specification of the material. Schedules, which had often been 
separated from the specification descriptions, are included in the 
general text.
2. 2. 3 Regulations Standards and Guides
The use of components is controlled by several legal or good- 
practice guides such as Acts of Parliament, Building Regulations, 
British Standards and trade standards. Some of these controls will 
be referred to in the particular trade literature but more often it is 
the application that decides what is permissible. For example 
materials which may be used in general, low-rise, building may be 
prohibited, under Section 20 of the London Building Acts, in high 
rise buildings.
Non-statutory guidance is given in many ways, typical of which are 
application notes in manufacturers' literature, advice in text books, 
or guides published by the professional institutions. These sources 
also set down design parameters and provide basic data, such as 
thermal transmission factors for building materials, or pipe sizing 
tables, with which the calculations for the system design are made. 
In the case of guides the information is usually taken "on trust" 
in that the theory or test data supporting the processed data is not 
quoted so that reliance has to be placed on the authority of the 
publishing body.
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2. 2. 4 Manufacturers' Literature
At some stage the designer's concept has to be translated into 
reality by the selection of components. Whilst it would be possible 
for the designer to 'invent 1 materials and forms for each part of the 
design it is usual for the selection to be made from existing 
components. For this a designer makes access to manufacturers' 
information about components in one or more ways, ranging through 
personal or office collections to specialist information bureaux such 
as the Building and Design Centres. There are firms who specialise
in processing trade literature into classified and standardised forms
(22) (23) 
such as the National Building Agency and Barbcur Index Limited
How information is presented is the choice of the publisher although 
guidance has been given in a number of semi-official recommendations
^ about the contents, layout and binding of publications. 
A comparison of their main recommendations is set out in Fig 2. 2. 4 (1) 
from which it will be seen that there is no consensus of opinion about 
the ordering of information although there is general consent about 
the information to be included.
/7 A\
BS 4940 is based on the GIB Master Lists but has changed the 
wording of some of the Main Headings. The British Standard recognises 
that manufacturers' literature has to accomplish different tasks, from 
sales-attraction to maintenance details, and that the style of 
presentation will vary.
The participants in the design team will seek different information from 
the literature, for example in the case of a component such as an air 
grille the architect will be concerned about its appearance and fixing 
whilst the environmental engineer will be seeking information about 
the air throw and spread and noise generation.
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2. 2. 4 (1) Comparison of Document Presentation 
Structure
2. 3 SURVEY OF PRESENT PRACTICE (THE CACCI REPORT)
(27^ 
The CACCI Report on information use and flow was prepared
by sub-committees separated into, and operating amongst, the 
disciplines that make up the design/construct team.
Each sub-committee published a report on its findings and these were 
synthesised into an overall report covering the total building process.
Faced by the varieties of the relationships and roles of the participants 
in the design team, the researchers decided to seek the structure of 
information flow which underlies the organisation of the senders and 
receivers of information. The concept of 'functions' was used in 
which identifiable goals were taken as the divisions in information flow. 
Each function was sub-divided into a number of 'procedures' which 
comprise a 'routine' of 'operations' on sets of data. The concept 
is examined and analysed in subsequent Sections.
It was found that information about components is used in most of the 
design functions: selecting, detailing, specifying, measuring etc. , 
and that it may be obtained specifically for a project or be held 
generally on record as features of the component. The information 
may be specific to a particular manufacturer of a component or be 
the generalised properties of a component irrespective of the source 
of supply.
Such is the dependence of the designer on component information that 
the Report concludes:
"The need to exchange information about commodities 
alone could justify the initiation of a measure of 
data co-ordination reaching right across the industry 
and into the associated supply and manufacturing 
industries. "
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The contributing studies and reports are shown in 1. 1. (1) and 
the following clauses summarize their findings.
2. 3. 1 Architectural Design
Based on this concept of functions, routines were prepared, referenced 
to the RIBA Plan of Work for typical procedures such as ' Design 
of Windows' and a limited number of visits made to design offices 
to check the validity of the assumptions. It is claimed that these 
surveys demonstrated, in terms of information flow in a design sequence, 
that the concept was valid irrespective of the organisation of the design 
team. Some difficulty was found in preparing procedures for the outline 
and scheme design stages in which the sequence of activities is more 
likely to be influenced by outside constraints. This problem was not 
found in the other studies which were concerned more with procedures 
involving the manipulation of numerical data.
The Architect has a task of co-ordination of specialist designers which 
includes a duty to provide information to other participants both about 
his developing design and those of other specialists.
During the early stages of the design the Architect has to express his 
concept of the building as tentative forms and proposed materials to 
initiate a dialogue with the other participants. On receiving their 
comments the Architect has to understand and reconcile the inter- 
relationship between the building elements and give weightings to the 
advantages or disadvantages of each solution. In general the detail of 
information required about materials at this stage is coarse but, 
for one or two strategic decisions, very finely detailed information may 
be needed about component properties.
The Working Group Report was concerned with the improve.- 
ment in the ability to analyse decisions which would result from the
17
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greater use of computers. Using manual methods, a lineal design 
and decision making technique must be adopted because the complex- 
ities of the amount of information and the number of design inter- 
relationships prevent the designer from following at one time more 
than one train of relationships, resulting from a set of input data. 
The use of drawings to record decisions is also a limitation because 
of the time taken in their preparation and the fixed nature of the 
record.
Working Group 3 saw in the available mathematical modelling 
techniques, such as Queueing Theory and Linear Programming, a 
means of developing models for building design. In parallel with the 
development of such models, the Working Group saw a need for the 
development of data banks about all aspects of building materials, 
systems and uses.
Architectural design is not a process of assembling known components 
in a fixed sequence to produce a prototype product for testing (as 
is the case in automobile design), but it is a process by which, usually, 
known components are assembled uniquely to produce the final product 
without an opportunity for other than very limited testing. Even 
the known component may have an unknown relationship to other 
components, for example the different percentages of glazed 
fenestration. Levin has described the building design process as 
a learning process by which the consequences of a design proposal 
are explored by the participants through a series of problem-solving 
steps until an acceptable decision is reached. The end result may 
not be the optimum.
The claim of validity for the CACCI procedures did not necessarily 
imply their acceptance by the architectural profession, even when 
their validity was recognised. This tension between what is recognised 
as 'good practice 1 and what is actual practice demonstrates the time
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lag that results from lethargy and the enthrenched position of traditional 
practice. Any practical information system must allow for this 
human element by starting from existing practice and advancing 
by gentle steps.
2. 3. 2 Quantity Surveying
This study group included representatives of product manufacturing 
and merchanting organisations but the main part of the survey was 
carried out amongst twenty-five quantity surveying teams associated 
with various organisations of differing size:- Government, private 
practice and state industries. A common approach to the task was
found, probably because of the common use by Quantity Surveyors of
(31) 
the Standard Method of Measurement (SMM) , which provides a
system for grouping components and includes rules for measurement. 
The SMM does not provide a method for uniquely describing the 
components nor is there a structure of classification apart from 
'recognised 1 trade divisions of work.
There was an awareness amongst the teams of the importance of cost- 
in-location and the consequent need to provide the construction team, 
at tendering stage, with information about the location of components 
and the sequence of construction. The SMM takes Work Sections, 
many of which are trades, as the primary division and does not 
provide a standard means for giving locational information in a Bill of 
Quantities.
Reference is made in the Report to proposals for restructuring Bills 
to provide better information about those resources for, and operations
of, building that generate cost, such as plant hire and sequence of work.
(32) In the Contractors study there is a criticism of the content of the
traditional Bill description of components and the failure to describe 
locations in a manner that can be costed by the contractor.
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(33) (34) In one proposal v , for an 'Operational Bill 1 , the work and
material descriptions would be set out in operations rather than in 
overall measurements of the work. For example plastering would 
be quantified by the number of the areas of surface that could be 
plastered in one operation rather than being stated as the total area 
of plastering in the building.
The alternative 'locational Bill' continues to use the SMM system but 
separates the measurement into locations on the basis that identical 
work may require different resources depending on its location.
It was found to be common practice for the Surveyor to assume much 
of the detail of construction, especially when working frequently with 
the same design team. The normal direction of flow of construction 
information, from Architect to Surveyor, is often reversed, in that 
the Surveyor suggests to the Architect materials that may be used 
within a cost-planning constraint. The major task of the Surveyor is 
still that of quantifying the materials and construction shown by the 
Architect and sometimes other participants in the design team. Even 
when the design documentation is of a good standard, there is usually 
a need to refer again to source material which the designer has 
already used.
As part of the study of the flow of information required from suppliers , 
(the product manufacturers and retailers), a diagram was produced, 
(part reproduced as Figure 2. 3. 2. (1) ), to show the information about 
a component which is required at each stage of the design. This 
diagram demonstrates the increasing detail demanded by the part- 
icipants as the design develops.
2. 3. 3 Environmental (Mechanical and Electrical) Engineering 
Separate studies were made of these 'specialist groups' but the Reports
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5 Application (general)
2. 3. 2 (1) Activity/Ope ration Matrix for 
Design Process
(2.3.3.)
shared authors and found "some common links". The studies 
followed the same procedure of analysing routines as that for 
Architecture. It was necessary to amplify the general Architectural
routine for the preliminary stages of design which relate to the RIBA
(19) Plan of Work Stages B and C. The latter document was criticised
by the specialist designers for "the theoretical nature of the routines 
compared with practice" because the exigencies of project work pre- 
clude the adoption of such a rational, prearranged sequence of 
operation.
The Environmental Engineers were more aware of the interactive 
nature of their design processes. There is essential interaction 
between engineering systems and the building for which they are designed, 
so the integrated design has to proceed by a process of proposal and 
compromise.
Within each design sequence there is a chain of calculation which has to 
be carried out on each set of input data and this task can proceed 
independently of the other participants once the input data has been 
obtained.
Mechanical engineers are very dependent on engineering component 
data in that design solutions are based on the performance of available 
equipment, and plant spaces on the dimensions and arrangement of 
plant items. The Report contains little analysis of the flow of 
building component data between participants from which it would seem 
that the Environmental Engineers accept the task of remeasuring 
building elements and searching for their physical properties.
2.4 A SAMPLE OF PRACTICE
The CACCI Study was more concerned about flows of information than 
sources and did not include an analysis of how designers access the
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currently available information.
As a means of checking the use of information by practitioners, a 
small survey was made of selected Architects, Quantity Surveyors 
and Environmental Engineers. The survey was conducted by post 
using the questionnaire shown in 2. 4 (1) (2} and (3). Answers, 
grouped by discipline, are shown on the overlays to these figures.
The intention of the survey was to discover who used what information 
at which stage of design.
2. 4. 1 The Survey Questionnaire
To concentrate the participants' attention on to a real situation, they 
were asked to consider only the case of an external window for a 
typical project. Questions were grouped in two series:
1. Asking about the use of sources of information 
in the forms of regulations, guides to good- 
practice, processed manufacturers data sheets, 
professional and in-house standards.
(25}2. Using the GIB Master Lists v ' to indicate the
relative importance of commodity features to 
the various participants at the outline and detail 
design stages.
2. 4. 2 The Sample
The sample number was too small to have random statistical value but 
the contributors had been selected, on the basis of personal knowledge, 
to represent areas of experience.
Methods of work in professional offices are well established as the 
result of common training systems and the mobility of staff between 
offices. This was demonstrated in the CACCI Study by the recognition
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SAMPLE SURVEY OF THE USE OF COMPONENT INFORMATION.
Please base your answers on the case of an external 
window for a typical project.
Please indicate your use of information by ticking 
the appropriate boxes.
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SAMPLE SURVEY OF THE USE OF COMPONENT INFORMATION.
Please base your answers on the case of an external 
window for a typical project.
Please indicate your use of information by ticking 
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II. FEATURES
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~~~ . i
II. FEATURES
The following list of features is compiled from
the CIB Master Lists. Use the weightings to
indicate the relative importance of the feature
to your profession at the two stages of design.
1 = Very important
Unimportant
RIBA Stages 
(C) & (D) 
Outline Design
12345
(E), (F) & (G) 
Detail Design
12345
Primary/Secondary Features
Weight
Appearance: 
. shape 
:size 
:colour 
:opacity 
:lustre
External Climate: 
:pollution 
:rain/snow 
rwind speed 
. sunshine 
:noise
Strength:
rwind defection 
:impact
Fire resistance
Tightness: 
:air 
:water
Dust or dirt penetration 
Chemical corrosion
Biological (entry of): 
:mammaIs 
:birds 
:insects
Thermal:
:insulation
:surface temperature
:condensation
2. 4. (2^ Questionnaire: Features (Sheet_l|
pDaylight: 
transmission
:opacity
1 2
'2 2
  
: colour rendering /} 2 1
-.glare 2
Solar: 1
transmission 4f ' ~
:heat gain 
: shading ^
Acoustic: 
transmission 
: absorption 
:reflection
Durability: 
accidental damage 
: vandalism 
: normal wear and tear
Ma nance : ., 
painting * 
replacement
1 ability: 
stocks
i y
2 
2 
1 2
$ 2
delivery: 1
. mloading
:i "ting into posic^ n
-iii -place : 
jrial
1
Ai 1
oour *r
ig Cost : |/2 3
^ lergy use f f
eaning $ 
:nu nte nance
ADD any important feature
which has been omitted
and indicate your
weighting.
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&peat other
oldrnrv
o
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5 1 1 
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3 1
A 1
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A
A
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3
2
3 
3
1
1
1
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1
3
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Daylight: 
: transmission 
:opacity 
 .colour rendering . 
: glare '
Solar : ~ 
transmission ^ 
:heat gain ~ 
: shading ^
Acoustic : 
: transmission 
: absorption 
. reflection
Durability: 1 
accidental damage .J 
: vandal ism J 
: normal wear and tear
Ma «.te nance : 
painting 
replacement
/ tilability: 
.stocks
Delivery : 
: unloading 1 
: lifting into position
uost-in-place: 
material 
labour
Running Cost : 
energy use 
. leaning 
:ma i ntenance
ADD any important feature 
which has been omitted 
and indicate your 
weighting.
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chemical / Electrical
Daylight:
:transmission
:opacity
:colour rendering
:glare
Solar:
: transmission 
:heat gain 
: shading
Acoustic:
:transmission 
:absorption 
:reflection
Durability:
:accidental damage
:vandalism
:normal wear and tear
Maintenance: 
:painting 
. replacement
Availability: 
:stocks
Delivery: 
:unloading 
:lifting into
Cost-in-place: 
rmaterial 
:labour
Running Cost: 
:energy use 
:cleaning 
rmaintenance
position
ADD any important feature 
which has been omitted 
and indicate your 
weighting.
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2. 4. (3^ Questionnaire: Features (Sheet 2)
Daylight:
:transmission 
:opacity
:colour rendering 
:glare
Solar:
: transmission 
:heat gain 
:shading
Acoustic:
:transmission 
:absorption 
. reflection
Durability:
:accidental damage
:vandalism
:normal wear and tear
Maintenance: 
:painting 
:replacement
Availability: 
: stocks
Delivery: 
:unloading 
:lifting into position
Cost-in-place: 
rmaterial 
: labour
Running Cost: 
:energy use 
:cleaning 
rmaintenance
ADD any important feature 
which has been omitted 
and indicate your 
weighting.
1 2
2. 4. (3^ Questionnaire: Features (Sheet 2)
(2.4.2) 
of flow patterns in the routines.
Completed questionnaires were received from:
1. Architects in Private Practice 7
2. Architectural Students (final year) 1
3. Quantity Surveyors in Private Practice 3
4. Quantity Surveyors in Government offices 1
5. Mechanical and Electrical Engineers in 4 
Private Practice
With the exception of the one architectural student, the participants 
have had many years of experience in their profession and are in 
positions of responsibility for major projects.
2. 4. 3 Analysis of the Answers
General
1. The covering letter, sent out with the questionnaire advised 
participants that "if you give too much thought to the answers 
they will probably be wrong". This was done in an attempt to 
get 'instinctive response' but may have led to answers being 
based on an a^uaintance with, rather than use of,the source 
as requested in the questions. There was probably also a 
tendency for answers to indicate a more thoughtful approach to 
design than is really the case.
2. From the viewpoint of their limited professional responsibility 
it would have been reasonable for some professions, in 
particular the Quantity Surveyors, to have no interest in many 
of the items of information. However, from the answers, 
there is a sharing of interest and knowledge.
3. Answers were sought under two headings to separate the 
groupings of the RIBA Plan of Work into Outline and Detail 
design. Judged by the different weightings, these groups seem 
to have more significance for Architects than for the other participants
23
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4. Most of the listed sources of information are used by 
Architects but three sources are used frequently by all 
the participants;
: Manufacturers' catalogues
: Own 'office 1 standards
: Previous projects 
These sources are of the do-it-yourself type and gain more favour
than the ready-processed types such as the Barbour Index ' '/' 
of manufacturers data or the Architects Journal data sheets.
5. Although there is a significant grouping in the answers, there 
are some discrepant answers. It would have been interesting 
to discuss these answers but the purpose of the survey was to 
discover what information would be required and not why.
Architects
1. There was a surprising lack of knowledge about three sources:
: NBA Commodity File ' '
(35) 
: BRE Temperature Prediction Charts v 
IHVE Guide ^ '
The purpose of the Barbour Index and the NBA File is similar. 
The former was first published about 18 years ago and is used 
in many Architects offices, although 3 out of the 7 participants 
said that it is "never" used. The latter was first published about 
5 years ago and has received wide publicity so it is surprising 
that 5 out of the 11 Architects who answered this question said 
that the source was unknown to them.
2. All the Architects considered solar heat gain and its prevention 
to be important features at the detail design stage, yet none of 
them made more than occasional use of the BRE Charts for the 
calculation of indoor temperatures during summer. These 
charts have received wide publicity and, since the other source 
of this information (the IHVE Guide) was also not used, it must 
be assumed that few attempts are made to assess the effect of
24
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solar radiation. It is probable that this task is left to the 
Environmental Engineer.
Quantity Surveyors
1. The interest, by Surveyors, in the physical features of the
particular component probably results from their involvement 
in proposing materials to the Architect which satisfy a cost 
limitation. By the strict interpretation of a Surveyor's duties 
there should be no reason for interest in these features.
2. Within the limited sample, there was less interest than expected 
in the physical handling and running cost features of the component. 
This may reflect the Surveyors concentration on capital cost and 
the, relatively, disinterest of the Standard Method of Measurement 
in manual and machine resources.
Environmental Engineers (Mechanical and Electrical)
1. The separation of the knowledge and use of the sources of 
information between the participants clearly indicates their 
dependence on particular sources. For the Mechanical Engineer 
the IHVE Guide, which contains collected data on building materials 
and engineering components, is the major source of information. 
There is no similar source for Electrical Engineers.
2. Own-office standards again have an important place which
indicates the non-availability of reliable project and component 
data from common sources. For Environmental Engineers 
use-features tend to be clearly divided between 'very important 1 
and 'unimportant' , related to the participant's design responsibilities. 
It follows that detailed design information would be requested 
from suppliers on some features whilst information provided on 
other features would be redundant. Although the Environmental 
Engineer is concerned with certain properties of building components, 
other information such as price or delivery is not of importance.
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2. 5 THE STUDY OF PRACTICE
The proceeding Sections have reviewed surveys of the use of 
information which had, as simplifications, the assumptions that 
data is used in a linear progression, without iteration, and that 
routines follow in direct succession. Disruption to the steady flow 
of information, caused by the interaction of several participants, 
was ignored.
In practice the effect of iteration and participation is to cause eddies 
in the information flow in which the assumed direction of flow may 
be reversed.
To examine in detail the use of information one routine is examined 
by tracing all the data transactions. The example is the procedure 
for the design of windows, which was included in the CACCI Study . 
Contained in this procedure there is one part-operation "Calculate Heat
Gains" which is examined in the following sections using the statements
(37) 
of a commercial computer program for cooling load calculation
2. 5. 1 The CACCI Study
As part of the survey of practice made by the CACCI Sub-committee ,
which has been discussed in an earlier section, a study group of
/28) 
Architects examined the Procedures of Design. With the Study
there are several detailed studies of the design of functional systems 
and included in the procedures is one for the design of windows, which 
is copied here as 2. 5. 1 (1).
In the case of the design of windows it was recognised in the study that 
the design is an iterative process involving several specialists, although 
for clarity the process-flow was shown as sequential or parallel, 
without loops.
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5. 1 (U The CACCI Procedure for the 
Design of Windows
(2.5.1)
A window is, in terms of heat loss and gain, acoustics and security, 
the weak point in the building envelope. The weakness is associated 
with its function of letting in light. For most buildings the heat loss/ 
gain through the glass of the window dominates the total room heat 
loss/gain. Details of window framing and surround dimensions and 
material become relatively unimportant, compared with those of the 
glass. Each factor has to be weighted to obtain a balanced selection.
For the operation 'Thermal environment system 1 and the routine 
'Calculate heat gain', the information inputs and sources are defined in 
the study as: -
Ib Relevant previous solutions and techniques.
2b Relevant regulations, design methods etc.
3b Detailed data on use and existing conditions.
4c Element cost limit.
5c Outline design and specification. (This includes
the initial selection of window size, location
and type).
2. 5. 2 A Computer Cooling Load Program
The same routine 'Calculate heat gains', is expanded in 2. 5. 2 (1) (2) 
and (3) to show in detail parts of its information flow and the sources
of information. The program statements are three sub-routines from
(37) the listing of the cooling load program , which have been selected
to show activities which are independent of, and dependent on, 
information supplied by others.
The types of information used are conveniently classified by the CACCI 
groups 1 to 4 but the scope of information is shown to be very great, 
ranging from macro to micro systems of knowledge. For example the 
sun path calculation requires truly 'universal knowledge' whilst the 
refractive index of glass is particular to that material. In addition to 
the types of information defined in the CACCI Study it will be seen that
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TYPE OF INFORMATION
(4) From project data or 
atlas.
Selected by designer
C. SUBROUTINE CALCULATES ALTITUDE 
AND AZIMUTH OF SUN THROUGH YEAR
BL=BL * Cl
T SUNH TSUN/60. 0
(where BL-building latitude,
Cl is a constant =TT/180
TSUN is the difference between
sun time and local time).
DO10 M=M1,M2
DO11 NH-1, 24
(where Mis the number of the
month.
NH is the number of the hour).
C DECLINATION OF EARTHS AXIS
D = 23. 5 * COS (M*30. 0*C1)
D-=-D*Cl
COSD=COS(D)
SIND^SIN(D)
TAND^SIND/COSD
C HOUR ANGLE ACCORDING TO LOCAL 
TIME
HANG=15. 0 * (12. 0-NH+TSUNH)*C1) (1) Calculation of hour angle 
IF (HANG) 13, 14, 13 
14 HANG^O. 0001 
13 CONTINUE
(1) Calculation of angle of 
declination
C ALTITUDE OF SUN
SINA-SIND * SIN(BL) + COSD 
* COS(BL) * COS (HANG) 
ALT(NH)-ATAN(SINA/SQRT 
(1. 0-SINA **2)
(1) Calculation of solar 
attitude
2. 5. 2 (1) Example of sub-routine
independent of project data
TYPE OF INFORMATION
C SUBROUTINE CALCULATES DECREASE 
IN WINDOW EFFECTIVE AREA DUE TO 
SHADING
BETA=AZW-AZ(NH
(where AZW the orientation of
the window)
C SHADING DUE TO TOP PROJECTION
(5) Measured from the 
Architects drawings
TOP=OH*TAN(ALT(NH))/COS(BETA)-POT 
IF (TOP) 1, 1,2
2 EHS = EHS-TOP 
1 CONTINUE
(where OH^overhang projection (5) Measured from the 
POT overhang offset Architects drawings
C SHADING ON LEFT OR RIGHT SIDE OF 
OPENING DEPENDING ON SUN POSITION
IF (BETA) 3,4,5
3 SIDE = FINL*TAN(-BETA)-POL 
GO TO 6
5 SIDE--FINR*TAN(BETA)-POR
6 CONTINUE
IF (SIDE) 4, 4, 7
7 ELS=ELS-SIDE 
4 CONTINUE
(where FINL & FINR are the fin
projections, POL & POR are the
fin offsets).
(5) Measured from the 
Architects drawings
2.5. 2 (2) Example of sub-routine
dependent on project data
TYPE OF INFORMATION
C SUBROUTINE CALCULATES TRANSMISSION 
AND ABSORPTION OF SINGLE OF DOUBLE 
GLAZED WINDOW GLASS FOR A GIVEN 
ANGLE OF INCIDENCE
AMU 1. 526
(where AMU is the refractive index (1) Standard data (text
for glass) book or manufacturer)
C CALCULATE PARAMETERS FROM
TRANSMISSION AT NORMAL INCIDENCE
RN=(AMU-1)**2/(AMU+1)**2 (1)
(where RN is reflectance at
normal angle)
G=TN*(1. 0/(1-RN)) ** 2
(where G is reflectance at
normal angle)
C ANGLE OF REFRACTION AND POLARISED 
COMPONENTS OF PARAMETERS
SAR=SIN (AI)/AMU
AR-ATAN(SAR/SQRT(1. 0-SAR**2))
R(1)=SIN(AI-AR) **2/SIN(AI+AR)** 2
R(2)+TAN(AI-AR)**2/TAN(AI+AR)**2
G-EXP(AKL/SQRT(1. 0-SAR**2))
(where AKL is the glass extinction (1) Standard data (text
coefficient for radiation x the book or manufacturer)
glass thickness)
2. 5. 2 (3) Example of sub-routine
dependent on manufacturers data
(2.5.2) 
information may be grouped also by use:-
1. Information used by one operator only.
(for example the refractive index of glass)
2. Information used by more than one operator, 
(for example the shading angles of a balcony 
for thermal environment and appearance).
3. Information used by every operator.
(for example the basic dimensions of the building)
The three routines show:-
1. The extent and detail of non-project, general 
information used in the routines.
2. The iterative routine which follows from any 
change in the input data.
3. The extent of calculation which can be carried out 
independently of other participants, once the input 
data is agreed.
4. The dependence of component performance on
location within the building and on the location of 
surrounding components.
In practice the design is developed by interaction between the operators 
and by iterative procedures. If the architect shows features such as fins 
or balconies they are unlikely to have optimum dimensions for the 
thermal environment and a design balance has to be established between 
performance and appearance.
2. 6 ANALYSIS OF USE OF INFORMATION
2. 6. 1 Use of Information as Researched in the CACCI Study
In analysing the use of information, the Study made the following, 
simplifying, assumptions:
1. Variations in the existing arrangement of design 
teams are such that there is no identifiable 
consensus of approach to the use of information.
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Procedures of design can be identified
independently of the participants who use them.
Patterns of education and organisation may be
ignored.
Operations in a routine can be illustrated by a
sequential chart.
These simplifications were useful in pinpointing the start and end of 
functional units in the design process but their use must be questioned 
in a study of the actual, as opposed to ideal, flow of information.
It would indeed be most fortunate if these assumptions were valid 
because it would remove a great problem from the task of analysis. 
However it is hard to see any justification, other than expediency, for 
the assumption that "prior experience (including education and training) 
of the person observed" is not central to the development a computer 
aided information system for costing and design. In the further study 
made by the Quantity Surveyors Working Party, they reverted, 
significantly, to a matrix based on Operator/Procedure.
The scope of operations in 2. 6. 1 (1) is similar to the activity matrix 
2. 3. 2 (1) and demonstrates that every participant in the client/design 
team is active in providing or assessing information. Single functions 
such as 'design1 are carried out by several operators; Architect, 
Structural Engineer, Environmental Engineer, specialist consultants.
The flow of information between operators is therefore as important as, 
but more difficult to control than, the flow of information between 
functions.
A further, simplifying, assumption was made in the CACCI Report abovtt 
the direction of information flow in the building process model. Whilst 
recognising that there may be "several stages, (in a design task), perhaps 
involving iterations or revisions as more information becomes available", 
the procedure flow diagrams only showed one path between the
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1. Establishing need vlthln clients 
organisation
2. funding generally
3. Establishing ft controlling ore rail 
timing for design A contract letting
4. Procuring resources for last
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2. 6. 1 (1) Activity/Operator Matrix 
for Design Process
(2,6. 1)
"identifiable end-paths". It is however in the iterations, and 
revisions, to achieve an optimum solution that both the greatest 
demands are made on information about components and the most 
frequent interaction occurs between the participants.
In the flow diagrams which illustrate the grouping of procedures into 
routines, the procedures are assumed to be sequential and "parallel 
processes are avoided as far as possible". This part of the model does 
not allow adequately for the nature of the design task which is separated, 
both in time and place, by the organisation of the design team and the 
sources of information. In practice many parallel stages of design 
are generated individually and reconciled communally.
An alternative three dimensional or vectored model of the building
design processes was proposed by a team which included some of the
(40) 
members of the Quantity Surveying Working Party. Their study
used this model, 6. 1 (2) , to show the problem-solving interaction 
of the design team operations and the co-incident and iterative design 
procedures.
Although the CACCI Study was useful in demonstrating the flow of logic 
in design procedures, it failed to allow for the division of the flow into 
specialist operator channels, except to conjecture that the use of 
computers would cause all flows to combine. The flow of the routine 
is interrupted when input information is required from a source other 
than the operator. This is, in practice, a major problem.
If the carrying out of a Function is distributed between operators, there
has to be a flow of information between them. Whilst it is true that
"it would have been extremely difficult to mount a study to encompass
every aspect of this shifting scene", not to do so led to the study
failing to come to terms with the reality of the problem of information flow.
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Sponsor Organisation 
Building Users 
local Officials
2. 
(2.6.1)
The study also failed to mention the redundancy in data storage 
which would be caused by making information, needed by only one 
operator, available to all.
2. 6. 2 Use of Information as Indicated by the Particular Study
In contrast to the construction industry-wide study made by CACCI,
the study in Section 2. 5 is concentrated on a single member of the design
team and, in detail, part of a single design procedure.
Viewed at this resolution the use of information takes on a new appearance, 
Within the routines the demand for information about components from 
other members of the design team is more than matched by the demand 
for information from manufacturers, national standards, research 
organisations and various standard references. Much of this information 
is researched and used within the task of one operator and no other 
operator need know about it.
Equally, features of a component, such as window orientation, assume 
an importance to the operator which is not shared by others.
There is, from this analysis and from the practice of design firms, a 
need for the individual operator to have a 'private' file of information 
about components which, although of great importance to the individual, 
is of little or no use to others. The file would contain both 'Project' 
and 'Non-Project' information and exist as a series of data banks to 
to accessed as required.
This study of a very small part of the total design process has shown how 
much Non-Project data is required as input. It would be uneconomic to 
attempt to store this data in the Project file, and unrealistic to assume 
that anyone, other than the particular participant, would be willing 
to accept responsibility for its provision.
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2. 6. 3 A General Statement of the Use of Information
Conventional, manual, systems for the exchange of information about 
components already operate to allow effective communication between 
members of a design team. These systems rely almost exclusively on 
the naming and specification of components and on their representation 
on drawings.
Inefficiency in the design process results from the various operators 
having to rediscover information about components. A simple but 
common example is the necessity for the receiver of some data about 
a component to research further data when the required information 
was already in the possession of the sender.
Because of the specialist nature of building design, no individual specifier 
of components can be expected to know all the facts about each component, 
or even what facts might be required. Except in single-client or 
multi-discipline organisations it is not possible for the originator, or 
selector, of components to parcel-up all the required information about 
a component. The sender may only be able to provide the key or 
indicator which will enable the receiver to locate further information.
It follows that the problem changes from "How much" to "How little" 
information about components needs to be communicated between 
participants, in order that both may gain access to further information. 
The source of the further information may be the manufacturer or, one 
day, a co-ordinated national system for commodity information.
As a corollary, it becomes the responsibility of the sole-user of specific 
information about components to maintain the files of data which will be 
required for his own task.
Most of the information needed for design already exists. What is needed
32
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is a classification system which allows all users to access it. 
With the increasing use of computers there is becoming available a 
means for rapid communication of design data but for economy it 
must be presented in a logical manner.
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3.1 GENERAL
Classification was used historically to enhance mans 1 understanding 
of his world, by placing natural objects in an order that related them 
to man. It was extended to include abstract ideas and the creative 
arts. By this means one word could be used to cover a number of related 
words:- 'mathematics' included arithmetic and geometry. Classification 
aided identification in that it helped to isolate a particular object. 
Because knowledge was recorded by writing, classification was first 
applied to books and most of the formal study of classification has been 
made by librarians.
Other disciplines use classification or consider its structure within 
their studies. Logic and mathematics combine in a study of set theory; 
computer programing languages use rigid YES/NO classification to 
describe complex relationships. These users have developed classification 
systems which have contributed to the overall study of classification.
The purpose of classification in a library is to bring together documents 
dealing with a particular subject, even though this subject may not be 
obvious from the document title. When classifying a document, the 
indexer may have a problem in deciding what is its main subject and thus 
have to record its title under two or more headings. In the extreme, an 
encyclopaedia has to be classified as 'general 1 .
(3.1)
When classifying building components, the name of the component 
is known (although there may be more than one common name). The 
user may wish to know features of the component which are not 
apparent from its name. Also the user may wish to link similar 
features from different components, such as thermal properties or 
dimensions, and would want to enter the data file from the direction of 
a feature, rather than from a name.
However, the absence of an internationally accepted, all inclusive, 
classification of objects and knowledge is an indication of the complexity 
of the task of classification. All classification systems have to include 
limiting assumptions to reduce them to a usable size and complexity. 
These assumptions are empirical and are made by the classifier, 
hopefully, for the convenience and understanding of the user.
(41) A succinct definition of classification was given by Sayers :
The actual or ideal arrangement together of those 
objects which are like and the separation of those 
which are unlike. The purpose of this arrangement 
being primarily to facilitate the operations of the 
mind in clearly concentrating and retaining in the 
memory the characters and the objects in question 
and the recording of them that they may be quickly 
and conveniently referred to and secondarily to 
disclose the correlation of laws of union of properties 
and circumstances".
There are two broad approaches to classification. The first is 
hierarchic, which is the division of information by the consistent 
application of a criterion so that the parts are mutually exclusive. It 
has the weakness that it does not allow for future knowledge which may 
not fit into the pattern. The divison tends to be subjective with the 
result that the searcher does not necessarily apply the same criteria 
as the original analyst.
(3.1)
The alternative faceted classification starts with categories and builds 
up a description by selecting sets of terms to describe the original 
concept. Faceted classification is a form of pre co-ordinate 
indexing in that the indexer allocates terms, from lists at a number 
of levels, to describe aspects or features of the component or document 
but it suffers from the weakness that the user has to know the terms in 
the authority list.
In some applications of information retrieval the structure of the 
information is not important, as in the case of a reader wanting books 
about a subject which may be named. Relevant books may be found if 
their title, or index, includes the subject. Because the linking of terms 
takes place after the enquiry, the retrieval system is known as 'post- 
co-ordinate'.
This Section includes a review of general purpose historical and modern 
classification systems and an analysis of their structure , with comments 
on their application to the subject of the Thesis.
3. 2 HIERARCHICAL SYSTEMS
This was the dominant system from the Aristotellian classification until 
the end of the 19th century. It was adequate for a simple understanding 
of the world, in particular the assumed order of nature, but failed to 
cater for a developing technology. The main feature of hierarchical, 
or deductive, systems are the generic and co-ordinate relations by 
which any class is immediately subordinate to only one other class. 
Fig 3. 2. (H shows these relations and the terms by which they are now 
known.
Each Class is formed by the division of an Entity by a Characteristic to 
produce a more detailed Array of Entities. The order in which 
Characteristics are applied, the citation order, can produce various 
hierarchies. For example if 10 Characteristics are applied to 10 objects,
3. 2. 1 (a) Modern Terms
3. 2. 1 (b) Classical Terms
3. 2. (1) Structure of and Terminology for Hierarchical 
Classification Relationships
(3.2)
there are factorial 10, (3, 628, 800), possible resulting hierarchies if 
order is considered to be significant. For hierarchical systems to be 
effective, the Characteristics and their citation order must be known. 
Only a single Characteristic may be applied at each level and this will 
frequently separate entities that share another Characteristic. The 
latter is called the distributed relative,for example, division by the 
Characteristic 'shape' would separate round and square objects which 
share a Characteristic 'colour'.
Many divisions are obvious to both classifier and user but in other cases 
the selection of the dividing Characteristic is subjective with the 
consequent probability of confusion. In some library systems this problem 
is overcome by the use of duplicate, or multiple, entry of hierarchical 
references with the order of the primary and secondary terms being 
changed. There is an early limit to this technique however, because of 
the large number of possible citations or hierarchies.
All hierarchical systems rely on a preconceived structure of knowledge 
which in practice, or theory, allows all subjects to be pre-classified 
so that the user arrives at the classification reference by working 
downwards from the general to the specific content of a subject. To 
ensure success this would require the classification to be fully enumerative 
which is impossible in a situation of rapidly expanding knowledge.
Even as late as 1725 the Royal Society's classification contained only 
18 headings and excluded technology such as Engineering, though Francis 
Bacon in 1605 had included Engineering as a sub-division of Mixed 
Mathematics. There was a rapid development in hierarchical classification 
systems at the end of the nineteenth century.
Hierarchical structure forms the basis of the widely used Dewey System
v which was introduced in 1876 and continues, after several revisions,
to be the standard classification system in the USA. This system is 
referred to again in 4. 1.
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(3.3) 
3. 3 FACETED SYSTEMS
The alternative pre co-ordinate classification system provides the 
preferred terms, or descriptors and a set of rules for their assembly 
into a description by the selection of a term from each level or facet. 
The direction of classification of a subject is reversed from the hier- 
archical system in that terms are selected to build up to a subject 
description rather than the subject being broken down into its elements. 
In a strictly hierarchical system, all the combinations of terms to form 
subjects must be enumerated, whereas in a faceted system the terms 
are assembled by the user. The form of the final faceted listing may be 
similar to its equivalent hierarchical entry, but each term appears once 
only.
The main advantage of faceted systems is that they can start from the 
limited, although perhaps specialised, knowledge of a sector user, for 
example the building industry, to produce an efficient system. Such a 
system usually requires from the user some knowledge of the detail of 
the subject, .In a hierarchical system the user is guided from the general 
to the particular and may stop at a coarse analysis, whilst in faceted 
systems the user has to decide at which level to commence.
In selecting the terms to be included and in stating the rules for their 
combination, the indexer again has to make subjective decisions. Even 
when these are educated decisions, there is no assurance that the user 
will be able, or will want, to follow them.
3. 4 NAMING, THESAURI AND KEYWORD INDEXING (Post Co-ordinate
Systems)
One answer to the objection to the subjective nature of classification is 
to dispense with classification structures and substitute a list of all 
the names of the objects and their features. The user states the name(s) 
and/or feature(s) he requires and he is then guided to, or a machine
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searches for, the required combination. This system is known as 
post co-ordinate, in that the joining together of terms takes place 
after the user's enquiry and it requires no knowledge by the user of 
the structure that has been used in filing the data. Pre co-ordinate 
systems have terms joined in fixed and pre-determined relationships as 
in the faceted classification.
In the case of a library based on post co-ordinate indexing the user, 
seeking information on a subject, has only to select suitable terms without 
regard to their relationship. The system can search for all documents 
which contain reference to them. At an earlier stage the librarian or 
indexer, will have allocated terms to the document and identified it, 
usually by an accession number.
The major problem is that the indexer may not have used the same names 
or terms as the user who has therefore to be guided to the preferred name 
by the use of an index so that, entering by any of several synonymous 
terms, the user finds the preferred term. The description of Thesaurus 
has been given to this index which guides the user from his initial terms 
to the preferred terms. Even then the user may have to search for the 
term which corresponds most closely to the feature he wishes to 
describe. A preferred term Thesaurus usually has to be classified to 
simplify the search task. As a first step the preferred term may be 
referenced to its higher genus-species term which widens the area of 
available information. Then the terms may be grouped by a very coarse 
classification which makes it almost certain that the required information 
will be included in the search area whilst excluding the mass of irrelevant 
data.
As an alternative to listing all the terms at a level, the generic class 
terms may be used instead as key-words. For example, in a library 
catalogue, 'sanitary fittings' could be used as a term to cover the many 
types of baths, basins etc. Whilst the use of key-words reduces the 
of the index, it increases the amount of redundant information provided 
to the user.
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3. 5 STRUCTURE OF CLASSIFICATION & STRUCTURAL MODELS
Underlying any information retrieval system there is a structure 
which relates the items of information to allow their retrieval either 
individually or in relationship with other items. All practical systems 
include means for coarsening these relationships to reduce their 
number. In the UDC system, (Section 4. 1), the relationships are 
reduced to downward spreading, singly-finked, non-overlapping trees 
and all other relationships are discarded. In other systems the terms 
or elements, are pre-combined into groups and cannot be handled in 
finer detail.
A measure of the exactness of a system is given by the number of
(43) 
links it provides, both horizontally and vertically. Fairthorne
has proposed two characteristics to describe these links: 'Connectivity' 
for the links between elements and 'Dimensionality' for the number of 
links between the extreme elements in a chain.
3. 5. 1 Tree Structure
Hierarchical classification is based on division of terms by a simple 
YES/NO analysis - 'Is B a member of class A. . . ?'.
This division produces the classical 'tree 1 structure, with each item 
having one, and only one, link to another item. It is singly-connected.
Faceted Classification allows the links to be multiplied by the variable 
combination of terms to reflect different facets and provide multiple 
connection. The tree model is not adequate to portray these relation- 
ships for other than the smallest, simply related, terms.
3. 5. 2 Mesh Structure
If provision is to be made for unknown relationships, the simple 
YES/NO has to be amplified to include 'may be 1 and 'may not be'. 
3. 5. 2 (la) shows this diagrammatically.
When the same question is asked about membership of two classes, 
A and X, the structure remains simple. 3. 5. 2 (Ib)
However the addition of a third class produces a much more complicated 
mesh, 3. 5. 2 (lc), and the extension of the search for membership of 
six classes produces a mesh with nearly eight million nodes.
3. 5. 3 Venn Diagrams and Set Theory
The mesh shown under 3. 5. 2 (lc) can be represented as a Venn 
diagram, 3. 5. 3. which provides a visual guide to the relationship 
of the terms, but this diagram again becomes complex with multiple 
terms.
The use of Venn diagrams is associated with set analysis in that the 
relationships between terms can be expressed as operations. Gray
of the Department of Architecture at the University of Cambridge has
(44) proposed a computer language based on the use of sets to handle
building description and data bases. 
3. 6 THEORY OF CODING
The use of coding, instead of plain language, introduces possibilities 
of error in coding and transcribing, and changes the record from a 
readable to an often meaningless form. There must therefore be 
compensating advantages from its use.
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(a)
3. 5. 2 (1) Mesh Diagram of
Class Membership
3. 5. 3 (1) Venn Diagram of
Class Membership
(3.6. 1) 
3. 6. 1 Reduction in Description Length
This has been one reason for the use of UDC codes in libraries. 
A numerical sequence of five or less digits can lead the user to a 
book title of many words. In the case however of a complex subject 
title which includes more than one class, an equally detailed UDC code 
string might have more digits than the characters of the title. In 
libraries the use of UDC codes works only because a coarsening of 
the book title and subject description can be accepted. The user will 
search and select within the coarsely defined shelf area or will approach 
the subject by a number of classes.
With faceted descriptions, the use of codes at each level can greatly 
compress the length of the written description and yet provide a 
significant identification.
3. 6. 2 Demonstration of Relationship
This is again illustrated by the use of UDC in libraries. The code 
indicates the position of the book on the shelf. A faceted description 
code can also indicate relationships at each level but this is done at the 
expense of redundancy in every indicated relationship which is not 
required by the user. When there is more than one user of the inform- 
ation the redundancy will tend to increase until, if every possible 
relationship is included, the code although highly significant would 
become unacceptably long.
3. 6. 3 Code Length Reduction
The ideal is to provide the maximum information at each code position 
and the minimum of positions in the code string. The digit at each 
code position may be either a number or an alphabetic character, 
although some computer applications limit the selection to numerics
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(3.6.3)
because of hardware limitations. Use of the 26 alphabetic characters 
increases the available digits from the numerical 10.
Stagger techniques can be used to reduce the code sequence length 
when the full capacity of sections of the code is not required. This 
technique has been used in some trade systems, in particular the 
International Standard Book Numbering system. If the code has to 
signify three levels of information, a fixed field code length using
numerals would require digits as the following example from the Draft
(4) 
BS for 12, 000 manufacturers, the largest of which produces
100, 000 commodities:
Industry identification 
Manufacturer identification 
Commodity identification
Total
3 digits (capacity 999)
5 digits (capacity 99, 999)
6 digits (capacity 999, 999)
14 digits
It is probable however that there is a distribution in size of manufacturer 
and number of products, with many firms producing a few products 
and only a few large manufacturers producing a wide range of products. 
If the large manufacturers are given small identification numbers a 
stagger can be introduced. 3. 6. 3 (1) shows this arrangement.
When the code sections are combined in a string there can be confusion 
from the compacting of the digits so that spaces have to be introduced, 
thereby elongating the code string. Use of a mixed alpha-numeric code 
reduces its potential capacity but provides indication of the sections 
without the introduction of spaces. This technique is applied to the 
proposed British Standard Code, as 3. 6. 3 (2).
Vickery has demonstrated the mathematical basis for the selection
of field widths.
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(N  Numeric)
Code Fields: 
(a) Industry
(b) Manufacturer
(d) Range of Manufacturer references
(c) Number of Manufacturers
(f) Products per Manufacturer
3. 6. 3 (l^i Identification Code Stagger
(A  Alpha, N  Numeric, E=-Either Alpha or Numeric)
a
NA
NA
NA
b
NA
NNA
NNNA
c
EEEEE
EEEE
EEE
d
E
E
E
c
1A-9Z
01A-99Z
001A-999Z
Total No. of Suppliers per Sector
f
216
2,376
23,976
26,568
g
339,996
33,966
3,366
Code Fields: 
(a) Sector Coding Authority reference
(b) Supplier reference
(c) Commodity reference
(d) Check-digit (based on Modulus 37)
(e) Range of Supplier References (not using the letters I or O)
(f) Number of suppliers
(g) Number of Commodities per Supplier
3. 6. 3. (2) Proposed BS Code Identification
(3. 6. 3)
If an encoded message is:
N. n + N n + N n ........ N n = T1 1 2 Z 3 3 mm
where N is a field
n is the number of characters
T is the total message characters
A field of n characters would appear, with a 
normal distribution probability
P - N / G 
x x
The number of messages (P) of length T, which 
can be assembled by interchanging the position of 
different fields is given by
log n P = G S p log n P
x e x
Maximum brevity in coding results when P is a 
maximum
log n P = A n 6 x x
Therefore maximum economy is achieved When the length of field 
n is inversely related to the probability of its occurence.
x
It follows that the identification or common-trading part of a code should 
be as short as possible, whilst it is permissible for a detailed code 
belonging to a specialist sector to be as long as is necessary to convey 
the intended information.
3. 7 RETRIEVAL EFFICIENCY
An ideal information system would enable an experienced user to 
retrieve all, but only, those documents or data which the user would 
have selected had he had full access to the information file with unlimited 
time. In practice the user is the greatest cause of error because of 
inexperience or inability in formulating his demands.
(3.7.1) 
3. 7. 1 System Efficiency
At the Western Reserve University , the efficiency of retrieval 
has been expressed by a number of functions: (N) the total number of 
data items; (R) the number of items retrieved; (X) the number of 
available relevant data items and (W) the number of relevant data items 
actually retrieved. The relationships are:
R/N
(N-R)/N
W/R
(R-W)/R
W/X
(X-W)/X
resolution factor
elimination factor
pertinency factor
noise factor (or interference)
recall factor
omission factor
3. 7. 2 Operator Efficiency: Check Digits
In plain language data transactions there is an obvious control in that 
if nonsense is written down it will read as nonsense to the next user. 
This control is more difficult to achieve in coded, machine, operations 
and a commonly adopted control procedure is the use of 'check digits' 
or self-checking numbers.
Errors are of a number of types and occur with varying frequency, as 
the following examples of errors in transmitting '122897'
Error Frequency
Omission 12897 Infrequently 
Addition 1222897
Transcription 1223^97 Common 
Transposition 122987
Random (combination of above Rare
or completely wrong)
A simple control is to add the numbers in the code, (or numerical 
equivalents of alpha-characters), at the coding and decoding stages. 
This gives some protection against omission, addition and transcription
(3.7.2) 
errors but none against transposition.
More complex, but much more effective, is the check-digit technique 
and there are a number of applications of the technique with improved 
control efficiency for particular errors. The common elements are 
multipliers (the weight), a divider (the modulus) a remainder, and 
the resulting check-digit.
Modulus 10 is applied to a widely used component identification system
(47)
, the weights are 7, 3 and 1, recurring, applied from the right hand
end of the number to be coded.
Identification to be coded: 122897
1
X
1
2
X
3
2
X
7
8
X
1
9
X
3
7
X
7Weight
Product 1 + 6 + 14 + 8 + 27 + 49 = 105
105 -r 10 = 10 (remainder 5) 
10 - 5 5 (check-digit) 
Code number = 122897_5
The control program repeats the multiplication, adds the check-digits, 
and divides by the Modulus, which should result in a whole number. 
Any remainder being an indication of error. If the check-digit is 10, 
X is substituted to avoid a two character check-digit.
Modulus 11 is used in ISBN (Section 4. 4) with weights 2,3,4 . . . n, 
again applied from the right hand end. When used in the same way as 
Modulus 10, it is very effective in discovering errors of transposition.
Modulus 37 was proposed in the Draft BS Code for application to a 
mixed alpha-numeric code. 37 is the first prime number after the 
numbers used as numerics and alpha-numeric equivalents. The remainder 
is written as a numeric if less than 10, and as the alphabetic equivalent
46
if 10 or greater.
(3.7.2)
Identification to be coded: 8 B 9 A 
with A = 10, B = 11
Weight
Product
8
X
5
40 +
B
X
4
44 +
9
X
3
27 +
A
X
2
20 = 131
131-37 = 3 (remainder 20) 
37 - 20 = 17 (check-digit) 
Alphahetic equivalent of 17 is 'H' 
Code Number : 8 B 9 A H_
Equivalent Performance. Calculations have shown 
equivalent performance:
(14) the following
Error
Omission
Addition
Transcription
Transposition
Random
Percentage Detection
Modulus 10 Modulus 11 Modulus 37
100 100
100
100
100
Construction is only one of the many activities in which articles are 
manufactured and traded. Some building construction trades, such as 
concreting, use basic materials whilst others, such as plumbing, use 
mainly pre-manufactured components.
The selection, specification and description of these components have 
many parallels with other trading activities and the classification systems 
developed or used for other purposes may have application in building.
Some of the more significant classification systems are described and 
analysed in this Section.
4. 1 UNIVERSAL DECIMAL CLASSIFICATION (UDC)
Is derived from the Dewey Decimal Classification (DC) and is widely 
used in Europe under the aegis of the British Standards Institution 
as part of the International Federation for Documentation (FID). The 
main divisions of DC and UDC are similar but devices have been added 
to the latter to handle some inter-relationships which, by allowing 
synthesis, make the system a hybrid of hierarchical and faceted 
systems.
4. 1. 1 Viewpoint
UDC is a library classification system although its use was extended 
to some trade literature in the early CIB/RIBA combination of UDC 
and SfB . UDC is a comprehensive library classification system 
of which only small parts are applicable to any one subject. The 
classifier is 'aspects' of a subject which does not have a direct application 
to the real object such as a building component.
(4. 1.2) 
4. 1.2 Classification/Identification Structure
UDC is hierarchical and general, although it was intended to cater also
for the needs of specialist and technical libraries. Ten areas of know- 
ledge are divided, by decimal, without limit but in practice it is usual 
to stop at five or six levels. Each level is identified by a single digit 
and a decimal point is introduced between each group of three digits 
to aid reading.
Within each level the material is enumerated as a simple list but some 
order has been introduced so that sequences in different classes are 
similar.
4. 1. 3 Coding
To overcome some of the limitations of a hierarchical system, a number 
of symbols have been introduced which enable classes to be co-ordinated 
and provide a degree of synthesis by faceted grouping. As well as 
symbols representing relationships, others allow reference to the common 
sub-divisions of DC:- language, form, place, time etc. Use of these 
symbols to achieve a precise classification can result in long numerical 
chains and a subjective element is introduced into their ordering.
4. 1. 4 Application
The generality of the system results in peripheral aspects of a subject 
being widely distributed across the Sections. The International Council 
for Building Documentation (CIDB or GIB) accepted UDC for general 
use and the International Building Classification Committee (IBCC) was 
established in 1952 to study the appropriate Sections and compiled a 
selection from UDC, known as the Abridged Building Classification (ABC) 
' . During the intervening period, the disadvantages in use of UDC 
compared with SfB, have led to the rejection of UDC as the preferred
(4.1.4) 
classification system for the building construction industry.
4. 2 THE NATO CODE
This system which was developed from the American Federal 
Cataloging System for the military stores of the NATO Forces, has 
been described in detail both by the issuing body and by O'Connor
and Mitchell . Its importance comes from the extent of the 
items classified, by type and number, and its international multi- 
language use. It is, in size, the most developed and used commodity 
system although its use is limited to military applications.
4. 2. 1 Viewpoint
This is a users system, not a manufacturers, so items are classified 
according to function, irrespective of the source or supplier. The 
descriptive term is 'Items of Supply', in opposition to 'Items of 
Production 1 , but 'Items of Purchase' might have been a more precise 
term.
The advantage to the user of this approach is that it avoids the confusion 
caused by manufacturers using different names to describe an item 
which the user would consider to be identical in function. The question 
which still has to be answered by the classifier is "How identical is 
'identical'?" In precision engineering one, small, dimensional difference 
could prevent components from being interchangeable. In building 
construction a greater dimensional variation might be acceptable whilst 
a feature variation, such as fire resistance, would not. NATO, as a 
large purchasing organisation, is able to set standards and specifications 
against which components are manufactured but this control is not 
available to the building construction industry.
At present the construction industry does not have a central classifying
(4.2.1)
authority to co-ordinate and control the demands of the many sectors 
who use commodity information. It may be that, after each sector 
has applied its criteria, the grouping of items of supply would be so fine 
that there would be little advantage over identifying the items of 
production.
4. 2. 2 Classification/Identification Structure
The NATO Code separates classification and identification. The 
former is a relatively coarse classification based on Group and Class. 
In the system there is provision for 90 Groups each of 89 Classes and, 
although over two million items are already classified, there are still 
many unassigned Groups and Classes.
Identification of items is made by national organisations who use a 
standard Guide to the grouping of items but produce a non-significant 
identification code. There is provision for producing NATO-wide 
classifications. The rules in the Guide constitute an extension to the 
classification by providing two or more levels of sub-division.
Commodities are identified against descriptions in a thesaurus, or 
index of item names, and the system is dependent on this thesaurus 
which guides the user to the preferred name and then to any existing 
identification code. In addition to naming, the thesaurus provides a 
brief item description which assists in defining the limits to uniqueness.
4. 2. 3 Coding
The complete NATO Stock Number Code (NSN) comprises three numeric 
groups; the NATO Supply Class Code, the Nation Code and the National 
Identification Code, see 4. 2. 3. (1). Within each National Identification 
Number Code (NIN) there is capacity for ten million items arranged 
in sequential and non-significant order. The NIN may be used on its
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NATO SUPPLY CLASS 
CODE NUMBER
NATO NATION 
CODE NUMBER
NATIONAL
IDENTIFICATION
NUMBER
2610
Group 26: Tyres
and tubes
I____________
809-3160
I
NATO ITEM IDENTIFICATION NUMBER (NIN)
NATO STOCK NUMBER CODE (NSN)
a) Code Structure
fort
TYRE, PNEUMATIC 
ground application 
a. car type
b. not for aircraft application 
9.00 X 13 nominal size designation 
cross ply construction 
a. 6 ply rating 
material of cord not required 
w/o tread bracing 
standard tread pattern 
a. not ribbed tread pattern 
b. w/o ice grip inserts 
designed for use with separate inner tube 
not rated for continuous speed 
no special features 
11. N/A
4. 2. 3 (1) NATO Stock Number Code
and Description
(4. 2. 3)
own within the country of origin, but the full code is required for 
unique identification throughout the NATO countries. Use of non- 
significant codes for the NIN leads to the possibility of member 
nations using different codes for identical items. When this is recognised, 
the other countries adopt the originating country's stock code.
Improvement of the descriptive patterns is being made to allow computer 
handling of the Identification Guide and this involves a detailed 
classification and coding of characteristics.
4. 2. 4 Application
Proposals have been made for the extension of the NATO Code to
general use. It has been estimated however by O' Connor that
only about one per cent of the uncontrolled combinations of goods in
commercial use are included in the code. The system could be used in
controlled applications, such as the major nationalised industries, but
the subjective ness of the classification and description would involve
a very large central organisation for the construction industry. Following
the lack of interest shown by the industry in the Draft B. S. , it is
unlikely that the, even more disciplined, NATO Code would be acceptable.
4. 3 BRUSSELS TARIFF NOMENCLATURE (BTN)
The use of this system appears from the full title 'Nomenclature for 
the Classification of Goods in Customs Tariffs'. It is used widely out- 
side America and the Eastern Bloc countries and forms the basis for 
a number of derived systems such as the UK Classification for 
Overseas Trade Statistics and its EEC equivalent. It derives from the 
'Geneva Nomenclature 1 produced by the League of Nations in 1931.
4. 3. 1 Viewpoint
As a customs system, it is concerned with the practical identification
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(4.3.1),
of all types of goods and gives advice to Custom Officers and both 
importers and exporters. In this sense it is a link between buyers 
and sellers.
4. 3. 2 Classification/Identification Structure
It is a hierarchical system and was originally analysed on the basis 
of the relationship of commodities to man but this is not apparent from 
its format. At a practical level there has to be only one possible 
classification for commodities for customs purposes and this require- 
ment produces a rigid classification which lacks the flexibility to respond 
quickly to changing patterns in trade. Commodities are classified at 
three levels; Sections, Chapters and Headings.
4. 3. 3 Coding
Commodities are listed in groups which have a common feature. Coding 
is incidental to the Chapter and Headings (clauses) listing. Derivatives 
of BTN, such as the Guide to the Classification of Overseas Statistics, 
use the Chapter/Heading numbers as a Code and add sequential, non- 
significant codes to the items.
4. 3. 4 Application
The international use of BTN, and its related statistical analysis systems, 
favours its adoption (following its current revision) as the classification 
system for international trade.
For use in the exchange of design information further levels of 
classification would be needed to cater for feature and property inform- 
ation. These could be developed as sub-classifications to the relatively 
coarse classification of BTN.
4. 4 INTERNATIONAL STANDARD BOOK NUMBERING
This system is included because of its rapid acceptance by national 
and international publishers and the economy of its identification 
system.
4. 4. 1 Viewpoint
The system is intended only to uniquely identify books, without 
providing any reference to their content.
4. 4. 2 Classification/Identification Structure
Within the UK the Standard Book Numbering Agency issues to each 
publisher a block of numbers. The publisher then allocates numbers 
from the block sequentially to book titles as they are published and the 
Agency records the details. The classification was originally only 
Publisher and Title but, with international use, a further digit has been 
added to indicate the country of origin.
4. 4. 3 Coding
The code structure is similar to that proposed in the Draft BS and 
Modulus 11 is used for checking. Characters are all numeric and 
the stagger technique is used to compress the code string. Division of 
the code string into the Country, Publisher, Book Identification and 
Check Digit blocks is indicated by gaps.
4. 4. 4 Application
The system covers a single task, identification for a single commodity 
and, as such, is not directly applicable to the building construction 
industry. Its rapid growth however has shown that, with acceptance
of the principle, a system can easily be adopted and used within a 
limited industry. By not seeking to classify, the system has avoided 
the delays inherent in standardising structure and yet it has provided 
an agreed identification which could be used by some subsequent 
classification system.
Several classification systems are used widely in the construction 
industry and there are others which are used by individual organisations. 
Few of the structures are the result of a disciplined system of 
classification and some record only 'trade practice' which is a 
traditional grouping. In this Section a number of the systems in use 
are described and their structure is analysed.
5.1 CI/SfB
This faceted system has established itself as the most widely used 
system for the classification of trade literature in the building 
construction industry and it has been used as the basis of computer 
systems for documentation and data handling.
(53) It was developed in the immediate post-war years by Giertz for
SfB (Samarbetskommitten for Byggnadsfragor) a group of 32 Swedish
organisations concerned with the construction industry. The development
(54) 
of the system is described in and its adaptation for British
Practice in . Control of the system is now vested in 
GIB.
5. 1. 1 Viewpoint
SfB developed as a means of classifying and arranging trade literature 
and reference specifications used in the building industry. The 
original system's strengths and weaknesses stem from this.
5.1.2 Classification/Identification Structure
The original structure reflected the concern with building commodities
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and was divided into three tables:
(5.1.2)
Table Description
I Functional Elements
II Construction
III Materials
Identification Example
(1) - (8)
E - X
a - z
(21): External
Walls 
F : Bricks 
g : clay
Table I (9) was used for types of buildings and Table II A - D was 
allocated to "special purposes".
A review of the system, with a limited re-structuring, was carried 
out in 1955/6 on the initiative of the RIBA. A comparison between the
versions is tabulated in and the RIBA version is identified "CI/SfB",
The faults of the original system were its lack of exclusivity between 
the Tables and exhaustivity in their contents. Whilst the classification 
analysed the component and the building element in which it was 
contained, it needed extension to include the location of the element in 
the building, as well as the application of a more consistent system 
of analvsis,
CI/SfB provides two additional Tables to SfB but combines Table II and 
III:
Table 
0
1
2
3
4
Description 
Built Environment
Elements
Form 
Construction
Material 
Abstract concepts
Identification
(00) 
E
el
Al
Example
Follows UDC 
analysis
Activities. 
Requirements, 
(included in Table 
III, A, B, C of 
original edition)
(5.1.2)
The (-9) position of Table 1 is used as a summary for that level of 
information. The similar positions for Tables 2 and 3 are identified 
by 'Y 1 and 'y 1 respectively.
The building fabric part of Table 1 is formed by a matrix between a 
location (external, internal,etc) and an increasing detail (primary and 
secondary element, finishes). This logic does not extend to the 
Services and Fittings elements in which, for example, no relation is 
shown between Sanitary Fittings and Drainage. Tables 2/3 are formed 
by the matrix of Form and Material which works well for typical 
building components such as bricks and wood but again is inappropriate 
for descriptions of most engineering services components. This 
demonstrates the Architect/Builder orientation of SfB.
Table 2 'K 1 (Quilts) is almost empty whilst, for a Mechanical S ervices 
Engineer, Table 2/3 Xh (Metal Components) would be too general to 
be of use.
Table 4 has been used to absorb items not covered by the other Tables 
and to provide a means of extending SfB, from component identification,
to component performance specification and project classification by
(25) including features from the GIB Master Lists and also more general
management concepts. In the application of SfB to CBC (Section 5. 2) 
there is a clearer statement and development of the logic of the 
construction of the Tables.
For project documentation use it is permissible to combine facets from 
a Table to provide a more explicit identification. Not all the Tables 
need be used so that the levels of the Tables need to be easily recognised, 
The use of mixed alpha-numeric characters and the auxiliary bracket 
provides an inherent pattern to the citation order.
(5.1.3) 
5. 1. 3 Application and Appraisal
CI/SfB is a system for identifying components and its descriptive 
levels are sufficient for that purpose. The system proves to be 
inadequate when it is used to define a component and its features, or to 
detail the operations to be carried out on a component.
The separation by form/material into different elements introduces 
differences that do not exist in practice. A pipework fitting which is 
interchangeable between heating and water supply systems would, in 
a full classification, have two identification references because the 
systems are different 'Elements'.
Most building materials and components are simple in form and 
material and can be identified easily by the classification. Many 
components used in building, especially those associated with the 
engineering systems, are more complex and the classification by 
form/material does not provide an identification. For example, the 
central control panel for an air conditioning system may be thought 
of as a block made from steel (Fh -) or as an item made from formed 
sheet (Mh 2). Neither classification is used, the correct classification 
being 'a complex single purpose product 1 (X), without a material 
classification.
(21) 
The British National Building Specification (NBS) v 1973 Edition uses
CI/SfB classification Table 2/3 for Product Clauses and Table 2 for 
part of the Workmanship Clauses. In the 1976 Edition general 
classification by Table 2 has been retained but use of Table 3 has 
been discontinued. Use of the CI/SfB classification combination of 
Tables 2 and 3 results in sequences which are inconvenient in use and 
the associated code lengths are long without providing flexibility for
the addition of new items. This is illustrated, 5. 1.3 (1)
CI/SfB 
Table 2 
Cast 
in situ 
work
NBS 
Reinforcement
CI/SfB
Table 2
Product
form:
sections,
bars.
Manufacturer and 
reference: FPA Pitchmastic Ltd, Elcelsior 
Works, Sandiacre, Nottingham.
a type recommended by 
the asphalt contractor.
clean, coarse sand from
natural deposits, to pass a 600 micro-metre 
sieve and be retained on a 200 micro-metre 
sieve. Test sieves: to BS 410.
Manufacturer and reference: as 
recommended by asphalt sub-contractor.
mastic asphalt (limestone
aggregate) to BS 988, with asphaltic cement 
to table 3, column 2.
the mastic asphalt work 
specified in this section is to be carried out 
by: a member of the Mastic Asphalte 
Council & Employers Federation.
the work specified in this
section for one year from the end of the 
defects liability period in the form issued by 
the Mastic Asphalte Council and Employers 
Federation. Submit a copy of guarantee to 
SO on completion.
ensure that surfaces to receive
asphalt are true and even, with adequate falls.
NBS
Sub- 
grouping, 
based on 
different 
product 
character- 
istics, eg: 
0 General
1 Steel
2 Galvanised 
steel
Stainless 
steel
NBS
Clause 
idenuficatic 
every fifth 
digit is use. 
leaving the 
space
between fo; 
insertion oi 
future claus
Manufacturer and 
reference: FPA Pitchmastic Ltd, Elcelsior 
Works, Sandiacre, Nottingham. 
Ref. Section FL.
a type recommended 
by the asphalt contractor.
Manufacturer and reference: as 
recommended by asphalt sub-contractor.
mastic asphalt (limestone
aggregate) to BS 988, with asphaltic cement 
to table 3, column 2.
Y705 clean, coarse sand from
natural deposits, to pass a 600 micro-metre 
sieve and be retained on a 200 micro-metre 
sieve. Test sieves: to BS 410.
the mastic asphalt work 
specified in this section is to be carried out 
by: a member of the Mastic Asphalte 
Council and Employers Federation.
the work specified in this 
section for one year from the end of the 
defects liability period in the form issued b] 
the Mastic Asphalte Council and Employer; 
Federation. Submit a copy of guarantee to 
SO on completion.
ensure that surfaces to receive 
asphalt are true and even, with adequate fal
5. 1. 3 (1) NBS Use of SfB Coding
(5.1.3)
NBS Volume 4 provides a table of cross-reference of NBS codes 
to the Sections of SMM, part of which is shown in 5. 1. 3 (2) . It is 
significant that the lower levels of the SfB code are not used for 
Section 5 which covers engineering systems and that these are 
referenced to the Element level. For other SMM Sections there is a 
mixed use of Element and Form/Material codes.
This difficulty in SfB coding of trade headings illustrates the limit- 
ation of a classification by Form/Material.
5. 2 CBC (CO-ORDINATED BUILDING COMMUNICATION)
Is linked to SfB, in that it uses it as the basis for component 
classification and coding, but it has developed the SfB system to make 
it suitable for the documentation of building projects, in particular 
by data processing systems.
5. 2. 1 Viewpoint
Although originally conceived as a system which could be used manually, 
its development has been towards a computer based system built up 
from a number of self-contained packages using a common data base. 
Whereas SfB is a guide to the position of data in literature, CBC is 
a guide to the position of information about components in the documents 
for a specific building. Locational data is added to the component 
descriptive data and is then linked to building design/ construct operations 
such as drawing, estimating and site work programming.
5. 2. 2 Classification/Identification Structure
The structure, as shown by the code string, comprises a general 
component classification and identification followed by a project- 
specific locational identification.
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5. 1. 3 (2) Comparison between SMM and 
SfB Classification
(5. 2. 2)
The general part of the classification applies SfB to classify the 
item of work. Use is made of the unallocated characters of the SfB 
code to extend its meaning;
Facet
2
3
Description 
Functional element
Construction 
Resources
Identification 
(00) - (99)
A - Z 
AO - Z9
Example
(21) External 
walls
The matrix arrangement of SfB has been applied more rigorously to 
the "1 - Facet" and used to indicate the cost generators in a project, 
rather than literature identification. If the total project cost, signified 
by the summary code (--*) , is represented by a square, the sub- 
summaries for site and building costs are (-0) and (-9).
SITE BUILDING
Alternatively the total cost may be divided into production and non- 
production costs, signified by the summary symbols: (0-) and (9-).
PRODUCTION
GENERAL 
(0-)
By overlaying these divisions and making sub-divisions, the product 
is the Functional Elements for the building and site production: (10)
- (99), 5.2.2 (1).
Also shown are the non-production building costs: (01-08).
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(in
excavation
(»*>
Und
drainage
(1J)
floor
boards
(141
ramps
tad
 tain
(1S1
(14)
(17)
piling
(181
foundations
(Zl>
*xterna>l
walls
(221
Internal
wall
(231
floor
(24)
stairs
(2S>
balconies
(261
(271
roof*
(281
elements
above
roof
(31)
external
vail
completion
(32)
Internal
wall
completion
<33)
floor
completion
(34)
atalr
completion
(35)
 uepended
ceilings
(36)
(371
roof
light!
(38)
(41)
external
finishes
(42)
wall
flnlihei
(431
floor
finishes
(44)
  talr
flniihea
(45)
celling
flniihee
(4H
(47)
roof
finishes
(48)
(51)
refute
disposal
(52)
drainage
(53)
water
  ervicei
(54)
ga«
  ervicei
(55)
refrlge*ra:io:\
services
(56)
heating
tervicei
(57)
ventilation
services
(58)
(peclal
services
(61)
panel
Installations
(62)
lighting
Installations
(63)
power
Installations
(64)
cornmun*
Ications
installations
(65)
(66)
lift
Installations
(67)
transport
installations
(68)
 ecurity
Installations
(71)
tntranct
fixture*
(72)
room
fixtures
(73)
kitchen
fixtures
(74)
bathroom
fixture*
(75)
laundry
fixtures
(76)
storage
fixtures
(77)
(78)
special
fixtures
(81)
(82)
f83)
(84)
(85)
(86)
(87)
(88)
(911
(921
(931
(94)
(95)
(96)
(97)
(98)
(-1)
(-2)
(-3)
(-S)
(01)
(021
(03)
(19) 
building 
sub
structure
(29) 
building 
super
structure
(39) 
building 
completion
(491 
building 
finishes
(59) 
building 
services
(69) 
building 
Installations
(79) 
b ulldlng
fixtures
(891 
building
furniture
(99) 
building
production
(1-)
 ub
structure
(2-)
super
structure
(3-)
completion
(4-)
finishes
(5-)
services
(6-)
installations
(7-1
fixtures
(8.1
furniture
(9-1
production
(-1
total
(0)
general
(10)
site
sub
structure
(20)
site
super
structure
(30)
site
completion
(40)
site
finishes
(50)
site
 ervicei
(60)
site
Installations
(70)
site
fixtures
(80)
sits
furniture
(90)
site
production
5. (1) CBC Table of Functional Elements.
(5.2.2)
A similar treatment of "2-Facet" 'construction' divides them into 
Production and Preliminaries costs with the Construction part of the 
square layered into types of construction.
Y
C
B
A
CONSTRUCTION 'E - X'
EXCAVATION
DEMOLITION
PRELIMINARIES
The matrix to the 2-Facet square is formed by 3-Facet 'resources', 
for which the main division is between Administration 'A-' and 
Works 'Z-' . Works is divided into operation costs 'D-' and Material 
costs 'Y-' with Operations divided into Plant costs 'B-' and Labour 
costs 'C-' and into types of material 'E- 1 to 'X-'.
A-
T
<
r"TPT>AT'T/^TST
»
B-
T
4 »
C-
1
< >
D-
T
< >
summary codes
PLANT
MATERIAL 
LABOUR
One alphabetic character is not sufficient to signify all the various 
types of material so each class may be further sub-divided numerically 
by 'O' - '9' with the latter being a general symbol for 'sundry' items.
Even this further division is not sufficient to uniquely identify 
components and the CBC system uses an additional '4-Facet', usually 
of 4 digits, to provide for up to 10, 000 items within each class, 
for example :
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(5. 2. 2)
G2. 5432 "A well-defined material made
of heavy burnt clay" = A brick.
These facets may be assembled and combined in sufficient detail to 
convey the required level of information, with any unused facets 
being indicated by a dash:
(21)--- 6543 "A well-defined external wall"
e.g. A cavity wall formed by two 
skins of heavy burnt clay bricks 
on a cast concrete strip foundation.
(21) FG2. 5432 "A well-defined material made of
heavy burnt clay (a brick), belonging 
to a brick construction, belonging to 
an external wall".
The 4-Facet Locational Classification is used to allocate the items 
covered by the General Classification to particular trades and parts 
of the specific building.
Work on site is carried out by various trades which may be part of the 
main contractors organisation or be separate firms. From the CBC 
system viewpoint of establishing costs, it is important to know which 
trade carries out particular tasks and where the work location is in the 
building. A 2 or 3 digit code is used for the Trade part of the Specific 
Code which normally takes the form:
nnn nnnn nn nn nn nnn 
Trade Project Block Storey Section Room
5. 2. 3 Application and Appraisal
Included in the CBC suite of application programs are sub-systems 
for classification and identification, preparation of Bills of Quantities, 
drawing coding, contract time programmes and material scheduling.
(5.2. 3)
The CBC system is very detailed and requires the users to be
(59) trained and experienced in its use. Its advocates claim that
when it is used all stages in the project, by both designers and 
contractors, there is a considerable benefit. This may be true for an 
organisation which encompasses all the aspects of the documentation 
of a project but it must be questioned in the traditional and fragmented 
arrangement involving a number of separate organisations both for 
design and construction.
To be effective, such a system requires the use of a common data file 
and computer, or at least compatible and directly communicating 
computer systems. The addition, to SfB, of the 4-Facet listing of up 
to 6 digits indicates the need to extend the identification provided by 
SfB and is a negation of the principle of a faceted system. With 
10, 000 item identifications normally available against each 2/3 -facet, 
the SfB part of the classification is used only as a 'chapter heading'. 
In classes in -which the majority of the available item identifications are 
used, the task of sorting through them is formidable. Unless additional 
facets are introduced, there is no significant advantage over a simple 
sequential number identification system. This has been recognised to 
some extent in the preparation of the CBC Catalogue for which a 
further series of matrices have been used to lead in to the 4-facet.
5. 3 THE UNIFORM CONSTRUCTION INDEX (UCI)
The publication of the American Uniform System for Construction 
Specification Data Filing and Cost Accounting in 1966 brought 
together three, previously separately published, documents:
CSI Format for Building Specification (CSI Format 
for .Construction Specification) originally published 
by The Construction Specification Institute in 1963.
Standard Filing Systems and Alphabetical Index 
originally published by The American Institute of 
Architects in 1920.
Guide for Field Cost Accounting originally published
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by the Association for General Construction 
of America in 1961.
In parallel, the Specification Writers Association of Canada published 
the Building Construction Index which was based on the CSI Format. 
In 1970 both the American Uniform System Joint Industry Conference 
and the Canadian Building Construction Index Committee were preparing 
revisions and it was decided to produce a joint document, now known 
as the UCI.
5. 3. 1 Viewpoint
UCI is intended for manual use and is based on trade practice. Because 
it is only an outline classification it has flexibility to incorporate 
additions or amendments. Each Division and Section has headings 
which enable the design team to handle general information although a 
particular participant would need to further divide a specialised field.
5. 3. 2 Classification/Identification Structure
The history of the UCI is reflected in its classification structure in 
that the strands of: specification - filing - costing are reflected in 
the Parts of the Index.
Part One : Specifications Format
Part Two : Data Filing Format
Part Three : Cost Analysis Data
Part Four : Project Filing Format
Classification is common to each Part and is based on the CSI format 
using 16 'Divisions' of building elements, mechanical and electrical 
systems and equipment. Divisions are broken down into 'sections' 
and 'units of work'. The latter is still a coarse division, which is 
defined as "a single entity that generally describes a particular 
material or product and its installation". In justification of the
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(5. 3. 2)
coarseness of the classification, the Authors claim that the 
variations in procedures in the industry would nullify any finer 
divisions.
For Part One, the classification provides headings for specification 
clauses without proposing their content,unlike that provided in the 
British National Building Specification. In Part Two the use of 
subscripts is proposed to further classify documents as relating to 
design, manufacturers products or accessories (such as the material 
used).
Part Three is the only Part to be coded and the code is a sequential 
number attached to Sections. There is an Index of Key Words, cross- 
referenced to the other Parts, and the Key words are used in the handling 
of Divisions and Sections.
5. 3. 3 Application and Appraisal
UCI is broader based than SfB and was developed by representatives of 
a cross-section of the industry. For this reason it has been adopted 
more generally by,but, on the evidence of the Canadian study , 
not as extensively within each of, the sectors: architecture, engineering, 
costing and construction. There is no report of a computer based 
development of UCI on the pattern of CBC.
5. 4 THE CACCI CODE ILLUSTRATION
(27) 
An Appendix to the Study of Coding and Data Co-ordination provides
an illustration of a classification structure which could be used for the 
construction industry. Although it was not intended to be a developed 
system, the proposal was made in detail.
(5.4.1) 
5. 4. 1 Viewpoint
The proposal was intended only for the construction industry but, 
within the many trades of that industry, it was expected that the 
structure would accomodate the needs of manufacturers, designers 
and installers. Amongst other proposals in the study is the setting 
up of a central authority to allocate codes and develop a national 
commodity file. The structure of the code assumes that such a central 
information source would be available.
5. 4. 2 Classification/Identification Structure
Information would be grouped into four, broad, fields as demonstrated 
by the proposed code format
1. Primary classifier P (Naaa N)
2. Subclassification C (NNNNNN)
3. Location L (NNNNNN)
4. Specification - sub divided into four groups
1. General specifier: X-Z (the
'utility tag 1 ) plus a free alpha or 
numeric field.
2. Local specifier: A-W (the local 
'utility tag') plus a free alpha or 
numeric field.
3. Property Indicator : (a-z)
4. Text: free field
Although the code is mixed alpha-numeric, the changes are not used 
to separate the fields which have therefore to be of a fixed field format 
and thereby incur redundancy.
The Primary Classifier is the coarse identification of the information 
and includes three sub-fields of which the central 'aaa', plus a numeric 
character,identifies the broad area of the information and is similar 
to the combination of Tables 0 and 1 of CI/SfB although, because of the 
very limited field the grouping is coarse. This limitation is 
recognised to some extent by the application of the final numeric character
(5.4.2)
which is called the Unique Classifier and provides a further level of 
division for the information.
The Sub-Classification field provides a more detailed statement of the 
major features of the information and the digits may be divided into a 
number of facets of variable length, within the constraint of the overall 
field length.
The Location field has a wide application depending on the nature of the 
information. For project data the facets within this field are used to 
provide an appropriate level of information about the location of the 
component in the building and could be taken from a structure such as 
CBC. When used with manufacturers* trade literature, the Report 
suggests that this field could be used to identify the manufacturer, for 
example by the inclusion of the firm's GIRO number.
The Specification field is used, with little restraint, to include any 
other relevant information by a combination of coding and free text. 
Utility-tag Codes and their associated data strings could be interpreted 
only by reference to a listing of codes and field descriptions.
5. 4. 3 Application and Appraisal
The Report includes an example of the, possible, central computer file 
record for a single manufacturer's range of five similar doors. Included 
are dimensional, constructional, material, application, cost and 
availability/delivery details, which predictably form a large volume of 
data. Each enquiry into the file, no matter how trival, involves a 
search through this data, and even with a powerful computer and 
careful program writing, the search must cover a large irrelevant area. 
Conversely the record does not include data of specialised, but important; 
application such as thermal values.
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(5.5) 
5. 5 THE CIT (CONSTRUCTION INDUSTRY THESAURUS)
Is related to, and chronologically follows, the CACCI Report and 
was a study prepared for the National Consultative Council Working 
Party on Data Co-ordination by the Department of the Environment 
and CIRIA ' . The study was carried out at the Polytechnic of 
North London and the Polytechnic of the South Bank, (previously the 
Brixton School of Building). A development edition of the Thesaurus 
containing about 9000 terms was published in 19*72 and publication of an 
enlarged edition of some 14000 terms is due.
5. 5. 1 Viewpoint
Effective storage and retrieval of information is the use intended by 
the Authors. In particular the Thesaurus is intended to provide the 
preferred terms for post co-ordinate indexing systems for general and 
project documents. It is expected that the terms could also be used as 
the basis of a technical library and they provide also a standard 
terminology for use in trade or British Standard publications. General 
use of the terms in project documentation should aid communication 
between users.
5. 5. 2 Classification/Identification Structure
Although it is not primarily a classification system, it was found necessary 
to structure and display the CIT using a classification based on the use 
of terms in the industry. This structure is shown in the ten facets and 
in the hierarchical displays within the facets. A comparison of the 
structure with that of other classification systems is made in 7. 3 (1).
There is a set of rules for ordering the sequence of terms by which
the least significant term has been displayed first, so that the Properties
of a material are listed before the Material and the Material before the
(5. 5. 2)
Part of Construction:
thermal transmittance »brick >wall
Within the facet or category there are, apparently non-structured, 
divisions. For example 'thermal transmittance 1 is in the division 
'transfer properties' and is separated from the associated heat 
transfer concepts of 'thermal conductance 1 'thermal resistance' or 
'thermal loss'. Thermal transmittance does not appear in the alpha- 
betical index to terms because it is regarded as a heading to a section 
which includes the colloquial term 'U - Value' even though use of this 
alphabetical index is the normal entry to the classification.
5. 5. 3 Application and Appraisal
Use of the CIT has been limited to the sponsoring authorities and one 
research association, although the terms have been translated into 
Swedish for the Building Documentation Centre and the Netherlands 
Government is proposing a similar translation and use. The CIT 
Keywords are added, by the thesaurus Authors, to CIRIA publications 
and to the Property Services Agency standards.
5. 5. 3 (1) is an extract from a CIRIA Publication Summary and shows 
the number of terms needed to include most aspects of a technical 
document. The Cement and Concrete Association have recently commenced 
use of CIT and found it necessary to add and amend terms in certain 
specialist areas, such as the structural properties of concrete. 
Government support for this development will probably ensure its 
continuation and expansion.
5. 6 THE FACET CODE
This code was developed by the Author as part of the system 
illustrated in 1. 1. (2). It is used by a firm of Consulting Engineers in 
a suite of environmental and structural engineering design, specification
A.K. BASU and S.K. GHOSH
July 1974. pp34, including diagrams, graphs, two tables and
10 references
Available to members only £0.50
CI/SfB: (28)Iy(K4) UDC: 624.075.23.016
presents a computer method for calculating the strength of pin-ended concrete-filled tubular 
steel columns of circular cross-section and having equal or unequal eccentricities. The method is 
similar to the one previously employed (TN8, No.24) for rectangular composite columns. This 
method assumes conservatively that the deflected shape of the column centre-line at failure forms 
part of a cosine curve and makes other assumptions which have negligible effects on the exactness 
of the calculated strength. presents an approximate design office method of calculating 
column strength. A semi-empirical approach is proposed for incorporating the effect of long-term 
loading on column strength. An interaction formula is suggested for eccentric loading with respect 
to two perpendicular axes. This formula is needed when the eccentricity ratio and/or the effective 
lengths are unequal in the two corresponding planes of bending. The possibility of local buckling 
of the tube wall with the concrete supporting it on one side has not been considered.
CO-ORDINATE INDEXING TERMS from 
Columns; Composite; Computer-aided design; Concrete; Cores; Loading properties; Steel;
Structural analysis; Testing; Tubular sections
READER INTEREST
Architects, Concrete Designers, Structural Steel Designers
5. 5. 3 (1) Example of CIT Keywords
(5.6) 
and costing programs.
5. 6. 1 View point
Environmental engineering, (which includes air-conditioning, 
electrical, water supply and public health engineering), is part of 
building design but it makes different demands on an information 
system from those of architecture. For instance, engineering is a 
numerical task, allied to physics, and requires numerical data about 
the physical properties of building components and those components 
which are combined by calculation to form the engineering system. 
The degree of detail of this information is shown in 8.6. 3 (l).
Within the sequences of design for components is the chain: select- 
measure-size-specify-cost; with more detailed information being added 
at each stage to the original component selection. Using traditional, 
manual, techniques it is necessary to refer back continually to the 
original selection and the purpose of the FACET System is to allow 
the accumulating information to be made available without a lengthy 
manual search through files. Many of the features of the system are 
illustrated in Chapter 8.
5. 6. 2 Classification/Identification Structure
Before the decision was made to develop a new code, the SfB system 
was examined but found to be inadequate to describe engineering 
components. It does not handle the statements which were required 
about standards nor are engineering components conveniently described 
by the classification of Form/Material.
An important use for the developed code was to be the listing of component 
item descriptions in a Bill of Quantities for which the nationally agreed 
procedure and sequence is set down in the Standard Method of 
Measurement . It was realized that the order of and references to the
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(5. 6. 2)
paragraphs of this document provide, unintentionally, a classification 
and code. Subsequently other, independently developed,, systems 
have used the same classification ^ '.
Following the general format of the CACCI Code Illustration, see 
5. 4, this paragraph number was used as the Primary Classifier, with 
the addition of an alphabetic character to indicate 'material 1 when this 
was significant at the primary level. The Primary Classifier acts as 
a parent-link for a number of sub-or secondary classifiers which 
provide further description, technical data or specification.
5. 6. 3 Application and Appraisal
5. 6. 3 (1) is a sample page from the Library of Descriptions which 
shows how the Secondary Classifier is compiled to produce an item 
description in a Bill of Quantities.
S29L/KT/FH/BR/BM/DH:
"Flat oval cross section mild steel, bend 90 deg; 
angle radiused; slip joint ends; g. a. m. "
Other sections of the Library of Descriptions allows statements to be 
made about the size and fixing (including immediate location) of the bend.
For the corresponding Specification Clauses the same Primary Classifier 
is used with a series of paragraph numbers, to call up text and 
schedules. There is an option to delete code and substitute a sequential 
clause numbering. 5. 6. 3 (2) shows a typical page of text and schedule.
When the code is used in design operations, such as duct sizing on 
systems having a common specification, the Primary Classifier need 
be stated only at the commencement. Design data is attached to a high 
level of the code so that the abreviated code, KT/FH/BR is sufficient 
to define the fitting and call up,in this instance,the resistance factor.
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S29 DUCTING 
S2JL STEEL
1 KR/ 
1 KT/
AMENDMENTS
FITTINGS 
DUCTING FITTINGS - LOW VELOCITY (M-HIGH VELOCITY)
2 DV/ plug 
2 FB/ spigot
3 FF/ diffuser 
3 FD/ grille
2 FF/ tee
3 FK/ branch, l»5 dec. 
3 FP/ straight, 90 dee. 
3 FT/ reducing 90 HP?.
U BH/ self flanged ends, drilled 
U BM/ slip joint ends
5 DH galvanised finish 
5 DM g.a.m. 
5 FH painted red oxide
Extra over mild steel flat oval ducting for 
Flat oval cross section mild steel
2 FH/ bend 90 den.
2 FM/ bend U5 deg. 
2 DD/ branch
3 BR/ angle radiused
3 BT/ ma i n 
3 BV/ outlet 
3 DB/ shoe
2 DF/ cap
5. 6. 3 (1) Example of FACET Classification 
and Code
S27L. 31213.1.
Longest 
Side of 
Ouct mm.
Sheet 
Thick 
-ness
mm.
Longl tu 
-dlnal 
Seams .
Up to 
a nd i nc 
305
From 
To
306
610
From 
To
611
915
From 1221 
To 1525
1526 
and above
0.80
1.00
1.20
From 916 
To 1220 1 20
1.60
Grooved 
or Pi tts
-burgh 
lock.
Grooved 
or Pi tts
-burgh
Grooved 
or Pi tts 
-burgh 
lock .
Mastic Sealed 
Transverse 
Works Joints.
Plain si IP 
joi nts.
25x25x3mm. 
angle re- 
Inforced 
slip joi nts
l»0xi»0xt* mm. 
angle re- 
i nforced 
slip joijfts
Mastic Seale< 
Transverse 
Site .Joints
Plain slip 
j oi nts.
25x25x3mm. 
angle girths a 
approx imatel y 
I .20m. centres 
along length o 
duct .
1*0x1*0x1* mm. 
angle girths a
with 3mm.thick approximately
inimum 
St i ffen i ng 
Reau i rement s
1 .00m. cent res 
along length o 
duct .
Grooved 
or Pi tts 
-burgh 
lock.
50x50x5mm. 
angle frames, 
wi th 3mm.thick 
gaskets.
Butt 
welded.
50x5Ox5mm. 
angle re- 
i nforced 
slip joints
50x50x5mm. 
angle re- 
inforced 
slip joints
50x50x5mm. 
angle frames, 
with 3mm.thick 
gaskets.
5 Ox5 Ox5mm. 
angle frames, 
with i*mm. thick 
gaskets.
50x50x5mm. 
angle girths a 
approximatel y 
1.00m. cent res 
along length o 
duct .
50x50x5mm. 
angle frames a 
approx imatel y 
0.60m. centres 
along length o 
duct .
50x50x5mm. 
angle frames a 
approx ima tel y 
0.60m. cent res 
along length o 
duct .
S27L.U1000.1 
S27L.UlOOl.l 
S27L. U1100.1
S27L.U1201.1,
S27L.U1002.1. 
S27L.U1102.1
S27L.1*1202.1,
STIFFENERS OUTSIDE DUCTING. 
CIRCULAR CROSS SECTION DUCTING.
Fabri cat ion.
Roller form mild steel angle section
Ensure cut ends are square,then join
ri ngs.
by weld i ng.
Attachment and Sealing.
Place rivets at a circumferential pitch not exceeding 50 mm.
Apply filler compound between rings plates,sheet or strip,before
clos i ng ri vets.
Apply filler compound over external rivet heads.
FLAT OVAL CROSS SECTION DUCTING.
peen i ng
Fabricat ion. 
From mild stee ' rods,ends cut square and screwed UNC thread.
Attachment and Stiffening.
Pass screwed ends of rods through ductinp at right angles to the flat sid
with internal and external washers and nuts at each flat side.
Limit the projection of tie rods to 3 mm. beyond the external nuts.
Apply filler compound between washers and ducting sides before tighten
nuts,and over nuts and rod ends.
5. 6. 3 (2) Code Controlled Specification Text
(5.6.3)
Trade literature, Design Manuals and Standard Drawings also 
use the Primary Classifier, with additional levels to suit the part- 
icular use. For example, Standard Drawings have an additional 
non-significant sequential number.
The extensive use of this code-series for project work has proved 
that such a code can improve standardisation and accuracy. However, 
the secondary classifiers have been used in isolation with manual 
transfer between programs and work has started on routines to trans- 
late between the Secondary Classifiers.
5. 7 POST CO-ORDINATE SYSTEMS
The SELECT System used by the Architects Department of West Sussex
//o\
County Council (which was developed in association with the
Department of Architectural Studies at Leeds Polytechnic), and the
//o\ 
University of Liverpool Acoustics Databank system are interesting,
and of importance, because they were early attempts to provide the 
designer interactively with a performance oriented entry into a 
classified data file. In these systems the designer does not select a 
component and seek information about it but, conversely, he states 
the required features and the system provides details of components which 
meet the performance specification.
5. 7. 1 West Sussex County Council
Although the SELECT system does not adopt CI/SfB classification, it 
uses a similar analysis. There is a limit of 8 attributes or parameters 
for each product file and a hierarchy of 6 levels covers the range from 
Building Type, through Components to Installation Details. Features 
or attributes, of components are set out as a matrix of Property and 
Variant
(5.7.1)
ABCDEFGHI JKL 
04 thickness 2| 3 3| 4 4| 5 5| 6 6^ 7 ?i 8 in.
15 sound insulation 25 27|- 30 32| 35 37^ 40 42^ 45 47^ 50 52| dB
18 weight 8 12 16 20 24 28 32 36 40 44 48 52 Ib/sq-ft
11 Fire resistance 1 l£ 2 2| 3 3| 4 - - - - hours
22 Transparency etc opaque translucent transparent
A series of matrices from this Table can be applied to a manufacturers 
product. For example: O4E, 15C, 11B, is a 4j inch thick wall 
having a sound reduction of 30 db and a one-hour fire resistance. When 
this series is entered into the search program, all components having 
these properties are presented to the user. An extension of the program 
allows the user to weight the individual attributes so that components 
having most of the important, but lacking less important, attributes 
will not be overlooked. This is combined with an option to state 
'relation factors' of equal-to, greater-(or less)-than, to improve 
recovery without excessive redundancy.
5. 7. 2 University of Liverpool
The acoustics databank was a development system which demonstrated 
that very detailed technical data could be displayed using a post 
co-ordinate search to trace, and a visual display unit to present, the 
available data. In the data file there were details of the acoustic 
properties of over 1000 wall panels. To select panels the user input 
the desired transmission loss characteristics by drawing the curve, 
or keying in points, or by asking fo r a comparison with another panel 
on file. Alternatively, the user selected the construction of the wall, 
by stating materials and layer thicknesses. An example of the output 
display is shown, 5. 7. 2 (1).
At. FORWARDS SCAN
A2. BACKWARDS SCAN
A3. SPECIFY NEXT PANEL NUHftER
A4. DISPLAY FULL-SCALE
AS, COMPARISON BETWEEN PANELS
A8. OTHER OPTIONS
TI i I r 
PANEL COB, 
0 LAYERS. 49 KO/SQ.M. 183 MM.
^~"~
\ 
^^
^
5. 7. Illustration of Post Co-ordinate 
Databank
In 1968 the National Computing Centre (NCC) published a report ' ' 
on a study for a national commodity code which had been made by 
Scientific Control Systems, a firm of computer consultants. The 
code was intended for use in business transactions and on trade 
literature by all sectors of manufacturing and retailing as well as by 
those responsible for specifying and using commodities. Other aspects 
studied included statistical records. A further study was made by a
joint committee of the NCC and BSI and published as a report ;
(4) 
and in an abridged form as Draft BS70/10431 v '. The draft dealt only
with commodity identification which was considered to be the most urgent 
need.
Reaction to the proposal was varied and there was not sufficient support 
to ensure that the system would be adopted by enough manufacturers to 
achieve national acceptance and use of the system. As a result the 
proposal has been withdrawn and there is at present no national system 
under consideration. The study included the most advanced thinking 
there has been on the national problem and its supporters included those 
most concerned in the use of commodity information.
6. 1 VIEWPOINT
Because the system was intended for national application the committee 
sought to balance the needs of the various users and decided to base 
the system on the identification of all 'Items of Production 1 . Each 
unique product would be separately identified by the manufacturer 
even if some products were identical to another manufacturer's product. 
The only exception to this rule would be in the case of trade associat- 
ions who were willing to institute a formal control procedure for a 
particular 
To provide overall control and finance for the system a central, 
government financed, authority was proposed although trade sectors 
would be encouraged to set up and operate the relevant organisations. 
It was intended that the system could be used manually even though 
it was designed to aid computer transactions.
The committee decided that, from a national view point, the early 
implementation of an identification system offered the greatest 
advantage to commodity trade and had the least problems. Subsequent 
classification and specification systems would involve all sectors and 
users with inevitable delays in analysing their separate needs and 
preparing reconciliations.
6. 2 CLASSIFICATION/IDENTIFICATION STRUCTURE
The total information to be communicated between any two users, 
whether within or outside of the organisations concerned, is defined 
by the 'commodity record'. This information would include that for 
manufacture, distribution, selling, specification and use as well as 
peripheral information such as national trading statistical returns.
To limit the code length and reduce redundancy in the information 
conveyed, it was proposed to divide the commodity record into three
parts:
identification/classification/specification
6. 2. 1 Identification
The identification section uniquely identifies commodities,. Reference 
to the manufacturer is considered to be part of the conveyed information, 
so otherwise identical commodities have different identification 
reference numbers. This follows from the adoption of the 'item-of 
production' classification rather than that of 'item-of-supply. Within
(6.2.1)
the identification section there are three elements: Industry, 
Supplier and Commodity.
No attempt is made to provide a significant identification because the 
study showed this to be impracticable in a national system.
Allocation of identification codes would be by a central authority. In 
practice the central authority would usually allocate only the Industry 
code and a sector coding authority would control the allocation of 
manufacturer/supplier codes, leaving it to the individual suppliers to 
allocate commodity codes to their products in accordance with a 
standard procedure.
6. 2. 2 Classification and Specification
These parts of the system were not examined in detail and no firm 
proposals were made. A standard approach was considered less 
important for these parts because they would be used mainly by the 
sector concerned. In the case of the building construction industry it 
may be possible to adopt existing, widely used, classification systems 
such as SfB and standard specifications and terms such as NBS and CIT.
6. 3 CODING
NCC/BSI proposed, for the identification section,a non-significant alpha- 
numeric code with the alpha character in each of the first two elements 
having meaning as well as acting as visual separators between fields. 
By this device it is possible to use a staggered technique for economy in 
code string length and to allow variable string lengths. Objections were 
raised by some computer users who would have difficulty in using 
alpha-numeric codes with their existing hardware.
The proposed format included in the first Draft Standard was :
Form 
Range 
Stagger
INDUSTRY
NA
MANUFACTURER
NA 
1A - 999Z
NA - NNNA
COMMODITY
E 
001 - ZZZZ 
EEEE-EEE
CHECK
E
A = Alphabetic
N = Numeric
E = Either Alphabetic or Numeric
The use of stagger and of the Modulus 37 check digit is as described 
in 3. 6. 3 and 3.7. 2.
6. 4 APPRAISAL
In that the British Standards Institution proposal was heavily criticised 
by all sectors of industry and eventually abandoned,the proposal must 
be considered to be a failure. The Secretary to the Draft Committee has
commented Perhaps the scope of the work was too wide".
A contrary view is that the presentation of the proposal in detail for 
the first stage of the full commodity coding, without an outline of the 
proposal for the following stages, made the proposal too narrow. The 
Identification Section was producer based and the adoption of this 'lead- 
in' to the code results in additional work for the retailer and user, who 
have to link these codes with other commodity based codes such as 
CI/SfB. Now that the National Building Specification has used CI/SfB, 
this link to the specification stage of the code becomes even more 
important.
When the use of computers for data processing becomes more widespread 
the linking of codes will be a simple, although not inexpensive, task 
and the direction-of-flow of the code stages will be less important.
Almost certainly, the greatest and continuing obstacle is that of self-
(6.4)
interest. During the implementation of the system the early users 
have the least immediate return for their effort. Manufacturers fear 
that greater access to comparative information about commoditie's 
will lessen, rather than improve, their market position.
Users of information will gain no benefit from the identification part 
of the code until the classification and specification sections become 
available.
The fully developed system has great attraction for many users, but 
the disadvantages of the interim development stages are more immediate 
and obvious.
The proceeding Chapters have reviewed and analysed the use of 
information in the design process and a number of general and 
specific information systems which, with some success, have been 
used in the building construction industry. That no single system 
has achieved dominance is an indication of the complexity of the task 
and of the varying, and even opposed, demands of the users. Acceptance 
of this starting-point avoids the later obstacles which have destroyed 
more grandiose attempts to produce all-purpose systems.
The direction of development of the system is pointed by the desired 
end use. Many of the existing information handling systems, such as 
SfB, UDC or UCI are based on library or document classification 
systems which were not designed for extension to more general commodity 
information.
A general information system must encompass all the uses of 
information in: trading, designing, detailing, specifying, building. 
Generality has to be achieved without the loss of specificity.
7. 1 AS EVIDENCED BY USE OF INFORMATION
Tradition is a strong force in determining how the design team uses 
information,. Tradition is the product of training, both academic and 
practical. Unfortunately the divided training of the participants in the 
design team results in there being several traditions, sometimes in 
conflict. An example of this is the preferred use of SfB by Architects 
to describe building 'Elements', whilst Quantity Surveyors prefer to 
use SMM 'Trades'.
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S29 DUCTING FITTINGS


LIST OF PARTS
ROUND DUCTWORK 
DUCT
DIAMETER 
(M*)
0.225
0.275
NETT 
LENGTH
2.00
2.00
2.00
2.00
2.00
BENDS
90DEG 45DEG
RECTANGULAR 
LARGEST 
DIMENSION 
(M.)
DUCTWORK 
SMALLEST 
DIMENSION 
(M.)
LENGTH
(M.)
BENDS IN 
LARGEST 
90DEG 45DEG 90DEG 45DE6
FLAT-OVAL DUCTWORK 
SIDE DIAMETER
0.550
0.690
0.810
0.150
0.200
0.250
NETT
LENGTH
(M.)
6.00 
1*50
HARD BENDS 
90DEG 45DEG
EASY BENDS 
90DE6 45DEG
DUCT FITTINGS
ROUND/ROUND FITTINGS 
NONE
RECTANGULAR/RECTANGULAR FITTINGS 
NONE
LARGEST SMALLEST
DIMENSION DIMENSION
(M.) (M.)













